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iC O N F E R E N C E  H IG H L IG H T S
T h e  I n t e r n a t i o n a l  M i lk f i s h  W o r k s h o p  C o n f e r e n c e ,  s p o n s o r e d  b y  
t h e  A q u a c u l t u r e  D e p a r t m e n t ,  S E A F D E C  a n d  a s s i s t e d  b y  th e  I n t e r n a t i o n a l  
D e v e lo p m e n t  R e s e a r c h  C e n t r e  (ID R C ) o f  C a n a d a ,  w a s  h e ld  in  th e  
D e p a r t m e n t 's  m a i n  s t a t i o n  a t  T ig b a u a n ,  I lo i lo ,  P h i l i p p i n e s  a s  a  s e q u e l  
to  th e  N a t io n a l  B a n g o s  S y m p o s iu m  h e ld  in  M a n i la  f r o m  J u l y  2 5 - 2 8 ,  1 9 7 5 .
T h i s  c o n f e r e n c e  a im e d  to  c o n s o l i d a t e  a l l  e x i s t i n g  d a t a  o n  m i l k f i s h ,  
p l a n  th e  d i r e c t i o n s  a n d  m a g n i tu d e  o f  f u t u r e  r e s e a r c h  r e l a t e d  to  m i l k f i s h  
a n d  d e v e lo p  a  c o l l a b o r a t i v e  p r o g r a m  o n  m i l k f i s h  r e s e a r c h  a m o n g  
c o u n t r i e s ,  r e s e a r c h  i n s t i t u t i o n s  a n d  o th e r  o r g a n i z a t i o n s .
M i lk f i s h ,  w h ic h  i s  w id e ly  d i s t r i b u t e d  th r o u g h o u t  th e  I n d o - P a c i f i c  
a n d  S o u th  C h in a  R e g io n ,  is  c o n s i d e r e d  a n  i m p o r t a n t  fo o d  f i s h ,  a n d  
e x t e n s i v e  c u l t u r e  i s  c u r r e n t l y  b e in g  d o n e  in  I n d o n e s i a ,  P h i l i p p i n e s  a n d  
T a iw a n .  O n e  o f th e  m a j o r  p r o b l e m s  o f  th e  i n d u s t r y  i s  th e  in a d e q u a c y  
o f  f r y  s u p p ly .  M i lk f i s h  f r y  a r e  c a u g h t  in  th e  w i ld  a n d  th e  w id e  f l u c ­
t u a t i o n s  a s  t o  a m o u n t  a n d  s e a s o n a l  o c c u r r e n c e  h a v e  h a m p e r e d  r a t i o n a l  
p la n n in g  a n d  i n v e s t m e n t  f o r  t h e  d e v e l o p m e n t  of th e  i n d u s t r y .  T h is  
c o n f e r e n c e ,  t h e r e f o r e ,  i s  s i g n i f i c a n t .  T h e  s o l u t i o n  t o  th e  f r y  s u p p ly  
p r o b l e m  w o u ld  c o n t r i b u t e  i m m e n s e l y  to  th e  d e v e l o p m e n t  o f  t h e  m i l k f i s h  
i n d u s t r y ,  a n d  c o n s e q u e n t l y  c o n t r i b u t e  t o  th e  p r o t e i n  r e q u i r e m e n t s  o f  
a  b u r g e o n in g  p o p u la t io n  in  th e  r e g io n ,  a n d  a l s o  m a y  b e c o m e  a n  e x p o r t  
c o m m o d i ty ,  t h e r e b y  i n c r e a s i n g  th e  f o r e i g n  e x c h a n g e  of th e  c o u n t r i e s  
o f  t h e  r e g i o n .
W o rk in g  p a p e r s  w e r e  r e q u e s t e d  f r o m  th e  p a r t i c i p a n t s  w h ic h  
f o r m e d  th e  b a s e s  o f th e  d i s c u s s i o n s  in  th e  s e s s i o n s .  S ix  s e s s i o n s  
w e r e  o r g a n i z e d  t o  d e t e r m i n e  th e  e x i s t i n g  k n o w le d g e  a n d  in f o r m a t i o n  o n  
m i l k f i s h ,  id e n t i f y  th e  k n o w le d g e  g a p s  a n d  d e t e r m i n e  th e  p r i o r i t i e s  a n d  
s t r a t e g i e s  to  b r i d g e  t h e s e  g a p s .
S e s s i o n  I  d i s c u s s e d  th e  b e h a v i o r  a n d  b i o - e c o l o g y  o f  m i l k f i s h  in  
t h e  w ild ;  S e s s i o n  I I , e g g  a n d  l a r v a l  s u r v e y s ;  S e s s i o n  II I , m a t u r a t i o n  
a n d  r e p r o d u c t i o n  in  t h e  w ild  a n d  c a p t iv e  f i s h ;  S e s s i o n  IV , e g g  in c u b a t io n  
a n d  l a r v a l  r e a r i n g ;  S e s s i o n  V , p r e d a t o r s ,  d i s e a s e s  a n d  p h y s io lo g y  o f s 
s t r e s s ,  a n d  S e s s i o n  V I, r e s e a r c h  n e tw o r k  f o r  c o u n t r i e s  a n d  i n s t i t u t i o n s  
e n g a g e d  in  m i l k f i s h  r e s e a r c h .
T h e  c o n f e r e n c e  a g r e e d  o n  th e  f o l lo w in g  h i g h e s t  p r i o r i t i e s  a n d  
t h e  c o u n t r i e s / i n s t i t u t i o n s  w h ic h  w i l l  i m p le m e n t  t h e m :  ( 1) p h y s i o l o g i c a l  
m a t u r a t i o n / i n d u c e d  b r e e d i n g  ( T a iw a n ,  S E A F D E C , O c e a n ic  I n s t i t u t e ) ;  
(2) r a c i a l  s t u d i e s  (a) m o r p h o lo g y  ( J a p a n ) ,  (b) b i o c h e m i c a l  (O c e a n ic  



















































(Taiwan, SEAFDEC, BFAR, UP, Hawaii Institute of Marine Biology, 
Oceanic Institute, India and Indonesia); (4) m igratory and spawning 
studies (SEAFDEC, Oceanic Institute and Thailand); (5) reference 
repository (SEAFDEC); (6) sex determination (SEAFDEC); (7) cryo­
genics for males (Taiwan, SEAFDEC); (8) pituitary bank (SEAFDEC); 
(9) egg and larval survey (SEAFDEC, UP, BFAR, India and Indonesia).
Capsulated research  proposals by the representatives of the 
different countries/institutions, in attendance, were submitted. The 
proposals included objectives, methodology, institutions involved, 


















































INTERNATIONAL MILKFISH WORKSHOP-CONFERENCE 
Tigbauan, Iloilo, Philippines 
May 19-22, 1976
Sponsored by the 
Aquaculture Department of the Southeast Asian F isheries Development Center, 
with the Assistance of the International Development Research Centre
INTRODUCTION
The Importance of Milkfish
Milkfish, Chanos chanos (Forskal), is an important food fish in 
the Southeast Asian region. Known for its favorable response to culture 
both in fresh and brackishwater impoundments, it is one of the major 
products of aquaculture. Extensive culture of this species has been in 
vogue in Indonesia, Philippines and Taiwan, while experimental and 
moderate cultures are  presently being undertaken in India, Malaysia, 
Thailand, Khmer, Singapore and Vietnam.
Schuster indicated that the western limit of the geographic range 
of distribution of milkfish extends from the Red Sea and the eastern 
coast of Africa through Indonesian and China Seas to the entire breadth 
of the Pacific Ocean up to the eastern  lim it consisting of the south­
western coast of the United States of America and Mexico. Within 
this latitudinal range, it occurs from as far north as the coast of 
southern Japan to as far south as the coast of eastern  A ustralia 
and New Zealand.
Total operational area under aquaculture in Southeast Asia is 
estimated to be about 630, 645 ha with a total production of about 
470, 000 m etric tons and a total potential area for development of 
12, 217,426 ha with an estimated production of about 9 million m. t. 
Pillay reported that about 80% of the operational area are devoted to 
the culture of milkfish and other finfish.* According to Liao, the 
total area devoted for milkfish culture in Taiwan as of 1974 is more 
that 16, 000 ha with a total annual yield of 28,900 tons.**
Total actual pond area for milkfish production is 390, 000 ha 
although Indonesia, the Philippines and Taiwan have the most extensive 
production with a combined area of 32, 000 ha. Total milkfish production 
is 180, 000 m .t. with the three above countries producing 178, 900 m .t.
*The Role of Aquaculture in F ishery Development and Management, 
FAO, February 1973.


















































2In 1972, it was reported that the total fish allowance for the 
SEAsian region is about 8,624,600 m .t . ,  while total fish production 
from all sources was only 5,302,200 m .t. or a production deficiency 
of 38.5%. The average per capita intake of fish is 22.6 kg which is 
below 36.5 kg per capita as required in the Philippines.
Southeast Asia has been considered as having one of the highest 
rates of population growth. To meet the nutritional needs of a fast 
growing population at standard levels necessary for healthy living, 
all efforts towards increasing food, especially protein sources must 
be encouraged. Southeast Asia is a traditional rice and fish eating 
region and the development of fisheries as one of the major sources 
of protein becomes im perative.
P resen t Status and Problems of Milkfish in Southeast Asia
The three m ajor countries culturing milkfish on an extensive 
scale are  Indonesia, the Philippines, and Taiwan. While Taiwan 
reports an average production of about 2, 000 kg/ha/year, Indonesia, 
340 kg/ha and the Philippines has an average yield of 600 kg /ha/year. 
Indonesia and the Philippines still largely use traditional methods of 
culture while Taiwan has reportedly improved her technology.
One of the m ajor constraints in the intensification of the develop­
ment of the industry is the non-availability of adequate fry  supply at 
the time it is needed for stocking. Presently, fry  are collected from  
the wild at certain  seasons of the year. The wide fluctuation as to 
amount and seasonal occurrence has hampered rational planning for 
investment and development. The Philippines alone, which has 
176,000 ha of milkfish ponds and 6, 000 ha of fish pens reported a 
deficiency of half a billion fry in 1974.
Very little information is available on the biology, habitat, 
m igration patterns and spawning habit of the milkfish. It was only 
in the recent past that some independent studies on milkfish breeding 
are being done in the Philippines, Taiwan and Hawaii. Egg and 
larval surveys are also being conducted in Thailand and South India. 
A UNDP supported program  on milkfish and shrimp is being currently 


















































3National Bangos (Milkfish) Symposium
Cognizant of the m eager and scattered information about milkfish, 
a National Bangos Symposium was organized in the Philippines from 
July 25-28, 1975 under the joint sponsorship of the Philippine Council 
for Agriculture and Resources Research (PCARR), Bureau of F isheries 
and Aquatic Resources (BFAR), University of the Philippines College of 
F isheries (UPCF) and the Aquaculture Department, SEAFDEC. About 
100 scientists, research ers, academicians, adm inistrators, and p rac­
titioners from the government and private sector convened to review 
existing local litera tu re  and benchmark information as to the state of 
the technology relating to milkfish culture industry.
The symposium attempted to consolidate existing knowledge and 
experiences on the bangos industry with the hope that the knowledge 
gap would be identified as part of an integrated research  program  for 
the development of the industry. (Proceedings, National Bangos 
Symposium, July 25-28, 1975)
International Milkfish Conference
As a sequel to this national symposium, the SEAFDEC Aquaculture 
Department, with the assistance of the International Development 
Research Centre (IDRC) of Canada, sponsored this International Milkfish 
Workshop-Conference held in the Department's main station in 
Tigbauan, Iloilo, Philippines from May 19-22, 1976.
This conference aimed to achieve the following:
(1) Review existing data on milkfish
(2) Help plan the directions and magnitude of 
future research  related to milkfish
(3) Develop a collaborative program  on milkfish 
research  among interested research  institutions 
and other organizations.
Working papers were invited from  the participants for indicating 
the extent of studies undertaken in their respective organizations and 
countries. Six sessions were organized to determine the existing 
knowledge and information on milkfish, identify the knowledge gaps, 
and determine the priorities and strategies to bridge these gaps. 



















































The workshop-conference was divided into six m ajor a reas. In 
each session, specific working papers were made bases for discussions. 
The following are the results of the discussions in the different sessions:
SESSION I
Behavior and bio-ecology of milkfish in the wild. The area was 
divided into subtopics:
A. Taxonomic consideration in relation to racial or specific variability 
Most participants agreed that even with the scanty data available, 
there are  strong indications of more than one race in milkfish. 
Information available in Indonesia and the Philippines show possible 
racia l differences in body depth, and la tera l line scale and vertebrae counts.
Electrophoresis of eye lens nucleus protein patterns is being used 
in Hawaii to examine the possibility of different races in milkfish. 
However, additional and more detailed studies on morphological charac­
te r's , population dynamics, biochemical tests such as isozyme and 
serum  or muscle protein studies are  still required to be more conclusive.
B. Migration patterns
In the study of m igration patterns, no "m arking-recapture" studies 
have been carried  out so far. One telem etry study using ultrasonic 
tags attached to the sabalo has been carried  out on four fish in the 
Philippines and a sim ilar study is being planned in Hawaii.
C. Oceanographic conditions
Data are  being collected in the Philippines, Indonesia, Hawaii 
and Taiwan on sabalo occurrence. In Hawaii, gill nets are mostly 
used in offshore w aters and no traps are used. P relim inary results 
suggest that sabalo are found more often in the upper three m eters of 
water and capture is better facilitated in murky waters where vision is 
reduced. Gill nets are a lso  used in Indonesia for catching sabalo. 
Most of the spawners are caught just near the surface. Catches in 
the Philippines indicate a g reater number of sabalo caught in otoshi- 
ami offshore than in fish traps closer to shore. In Taiwan, otoshi- 
ami is used in catching sabalo. In many areas, the number of female 
sabalo appears g reater than males early  in the spawning season but 
this ratio becomes variable la ter in the season. Problems in identi­
fying any external sexual dimorphic characters have hindered this work.
D. Age and growth studies
Age of the spawning sabalo caught in the Philippines varied from 
3-5 years old. It is suggested that more critical studies on age and 


















































5E. Food availability and utilization
The milkfish appear to feed on plankton in all areas examined and 
on benthos in several a reas . Whether it is a selective feeder or not 
is not yet known. Some evidence indicates that adult milkfish browse 
on attached algae. Some data indicate that the epibranchial organ 
is involved in digestion.
There is little information on all the above categories for the 
juvenile up to the sub-adult in the sea before their return  to the 
proximity of the shore during the spawning season.
SESSION II
Egg and larval surveys
A. Past and present activities on milkfish egg and larval surveys 
Ichthyo-plankton surveys have been undertaken by most countries 
bordering the Indian Ocean, the South China Sea and the Pacific Ocean. 
Cooperative study program s are  likewise being done, like the Indian 
Ocean Programm e (I.O .P .)  and the Cooperative Study of the Kurishio 
and Adjacent Regions (CSK Program  in the South China Sea).
Probably because of identification problem, no milkfish eggs and 
larvae have been reported from  ichthyo-planktons collected by large 
research  vessels which usually operate in the open seas. It is believed 
that the milkfish generally spawn close to shore. Some samples collected 
by these cooperative study programs were just deposited at some plank­
ton sorting centers waiting to be analyzed. Lack of expertise and 
appropriate instrum ents often hamper egg and larval surveys, although 
this is needed by most of the participating countries.
The participants recommend that future egg and larval surveys 
should cover inshore and coastal waters where the occurrence of milkfish 
spawners is reported, taking into account influence of races spawning 
in different seasons.
I t is further recommended that the FAO-UNDP International 
Indian Ocean F ishery Survey and Development Program  (IOP), which 
has carried  out large scale and system atic surveys of the fishery 
resources of the Western Indian Ocean, should include in its ichthyo- 
plankton analysis studies on the distribution and abundance of milkfish 
eggs and larvae.
B. Information from fisherm en
The discussion leader asked how far information from fisherm en 
can be relied on. While some fisherm en may know some things more 


















































6Some Filipino fisherm en in various parts of the Philippines claim  
that they know when the milkfish spawn and how spawning is related to 
the lunar periodicity. On the other hand, fisherm en in most other 
countries offer scientists only limited information which most often 
must be verified.
C. Discussion of working papers in the session
Full description and fine illustration of milkfish eggs and larvae 
was deemed necessary . It was also believed important to have more 
data to prove whether the egg described by Delsman (1929) is the 
rea l milkfish egg. Accuracy of identification of the so called milkfish 
eggs has to be determined through rearing of eggs to the identifiable stage.
Prelim inary data on vertical distribution of the egg, daily fluc­
tuations in catch of the egg in confined areas, developmental stages of 
the egg by time of collection, and ambient water tem perature and 
salinity were presented.
Likewise, the occurrence of larvae much sm aller than fry 
appearing in the beach was reported from otoshi ami at Pandan; 
however, oceanographical conditions should also be included.
It was suggested that due consideration be given to the m igratory 
pattern of the fry  and fingerlings, like the m igratory pattern studies 
in the Vietnamese waters (Kuronuma, 1962). It was further suggested 
that future survey program s should give due attention to the standardi­
zation of the sampling gear and data collection.
SESSION III
Maturation and reproduction in wild and captive fish
A. Reproductive physiology
Very little has been done on the endocrinology, biochemistry 
and physiology of adult milkfish due to limited availability of sexually 
mature fish. The result of a chemical study on mullet eggs through­
out hydration (tertiary  yolk globule stage to spawning) was presented. 
It was believed that a sim ilar process can presumably take place 
in milkfish.
Histological slides of developing gonads obtained from 5-6 year 



















































7Histological study of gonad development throughout the year has 
been started in the Oceanic Institute, Hawaii. Gonads for histological 
examination are also being processed at the SEAFDEC Laboratory at 
Tigbauan, and prelim inary analysis of the tissue section showed both 
mature and developing oocytes in the ovary at the same time. In 
m ales, either spermatozoa or prim ary sperm atocy tes were also found.
In order to better understand the m ilkfish, it was suggested that 
more studies along this discipline be undertaken.
B. Gonad development
Slides of the ponds in the island of Hawaii from which sexually 
mature fish has been obtained were also shown. It was mentioned that 
of the 52 fish examined, the sex ratio of male to female was 1.2:1. 
All males were fully m ature. Four out of 25 females reached full 
m aturity with eggs of te rtia ry  yolk globule stage. Two other females 
showed the sign of a tresia .
It was also reported that the eggs obtained during the spawning 
season at Pandan had mean egg diam eter of 0. 8 mm for non-hydrated 
eggs and 1.2 mm for hydrated eggs. The Hawaii group presented 
sim ilar egg diam eters.
It was also reported that milkfish stay in Lake Naujan for the 
f irs t two years and later m igrate to the sea as sexually immature fish.
Some reports indicate that the fecundity of the fish ranges from 
about 1-5 million eggs.
It was recommended that studies be undertaken on the environmental 
conditions and nutritional requirem ents for rearing and maintaining brood 
stock.
C. Mating behavior and fertilization of wild fish
No report was presented on the breeding behavior of milkfish or 
on successful artific ial fertilization and development of milkfish eggs.
B. Natural and/or induced spawning of captive fish
No natural spawning of captive milkfish has been reported. Induced 
spawning has been attempted by the Hawaii, Taiwan and Philippine groups. 
To date, the groups from Hawaii and the Philippines, using partially 
purified salmon pituitary gonadotropin (SG-G100) have obtained spawned 
eggs which were not fertilized. The group from Taiwan, using pituitary 


















































8It was explained that SG-G100 is the most potent and reliable 
hormone to be used not only for egg maturation but also for induced 
spawning. The standardization of induced spawning of milkfish by 
SG-G100 was proposed and a regular program  of supplying SG-G100 
was recommended. Regular collection of pituitary glands from  dead 
sabalo was also suggested.
E. Examination of spawned fish
Examination of spawned fish in the Philippines suggested that 
milkfish are partially synchronous spawners and multiple spawning 
may occur in a year. However, it was postulated that this multiple 
spawning of fish observed in the Southeast Asian region might be 
due to racial or population differences throughout the milkfish region.
In order to control gonadal development and achieve success in 
induced spawning in milkfish, understanding of its environmental 
conditions and nutritional requirem ents must be undertaken. The 
importance of tagging experiments and oceanographic surveys to locate 
spawning grounds and monitor environmental conditions was further 
emphasized. Techniques of capture, handling and transport of 
sabalo spawners in Pandan and Tigbauan, Philippines and Hawaii were 
also discussed.
SESSION IV
Egg incubation and larval rearing 
A. Egg incubation
According to Delsman (1929), Chanos eggs are normally about 
1.2 mm in diam eter and hatch in about 24 hours. The larvae at 
hatching are about 3 mm in length and grow to about 5 mm in three 
days when it is ready to feed. When it is 10 days old, it reaches 
10 mm in length. At 10-13 mm, they are caught as fry  in the 
com m ercial fry fishery. The fry grow to 20 mm in about 5 weeks 
and at this stage the fish lost its larval properties and resem ble 
and behave as juvenile fish.
Information from the collection of milkfish eggs in the waters 
around Panay Island indicated that although more eggs were collected 
at surface layers, some were also collected at deeper layers down 
to 20 m eters. The incubation of some of these eggs was found to 
be about 24 hours which agrees with Delsman' s findings. The newly 
hatched larvae were observed hanging upside down in water and the 



















































Little, if any, work has been done on larval rearing of Chanos 
from the egg and nutritional requirem ents of larvae between 5-10 mm 
are unknown. In the absence of information on food for milkfish 
between 5-10 mm, participants discussed feeding methods for mullet 
larvae where information is available. The possibility of feeding larvae 
on microencapsulated feeds was mentioned and encouraging studies along 
this line were reported.
Although nutritional requirem ents for larvae of 10 mm. or more 
in length is unknown, various dried feeds, such as rice bran, dried 
egg yolk, etc. have been used with practical success. Recent studies 
in the Philippines showed that Chlorella (a microscopic alga) may be 
successfully used as food for Chanos fry. It was suggested that if 
early  larva (5-10 mm) can also be reared with Chlorella as food, 
the feeding problem may be solved. The relatively large size of 
milkfish egg also indicates that rearing early  larvae may be easier 
than with many other m arine fish species. However, there is a great 
need for nutritional studies for all larval stages of this fish.
Discussions were made on the problem of fry  m ortality from 
collection to stocking in ponds. Reported average survival rates range 
from  50% in the Philippines to 95% in Taiwan. Much of this m ortality 
are  attributed to methods of collection and handling, predators such as 
Megalops, Elops, Ophiocephalus, eels, sea snakes that are  collected 
with the fry  were mentioned. The difficulty of separating the Chanos fry  
from that of predators was identified as a m ajor problem. The impor­
tance of clean facilities, proper care in handling such as avoiding 
salinity and tem perature shock, was stressed . Another problem was 
poor handling by middlemen who sell fry  to the form er.
SEAFDEC is currently  conducting experiments on "seed banks" for 
holding Chanos fry  up to stocking size to increase resistance in handling 
and to make fry continuously available. One question was raised as to 
the optimal size for fry for better handling.
The salinity tolerance was reported to be 15% below and 10% 
above the salinity at which the milkfish fry  were living.
SESSION V
Predators, diseases and physiology of s tress
A. Superficial injuries following capture
General treatm ents are usually given following injury to captured 



















































B. Shock or s tress  following capture and handling
Major noticeable symptoms of shock or s tress  is opaqueness of 
the covering of the eye with milky film . There is some evidence of 
gram  negative bacterial infection but does not respond to treatm ent of 
usual antibiotics. Other symptoms might be gastritis of the stomach 
and possible heart attack following occlusion of oxygen to brain and 
fibrillation of the heart. Most effective treatm ent is to reduce salinity 
to about 20 ppt for 2-3 weeks. More studies in this field are  recommended.
C. General fish diseases
Typical diseases of farmed animals are not yet recorded in 
lite ra tu re . Studies are  suggested along this field.
D. P arasites
Limited reports of both internal and external parasites are 
available in existing lite ra tu re . It is, therefore, necessary  to have 
m ore systematic studies in this field.
Significant observations have been made during the last 12 months 
and information on milkfish health and husbandry has increased dram a­
tically. There is, therefore, a continuous need to have standards for 
the collection and storage of m aterials including information on origin 
of m aterials, such as pond fish, wild fish, environmental data, etc.
SESSION VI
Research network for countries and institutions engaged in 
milkfish research
A. The network
The delegates by country and by research  institutions were 
consulted on the possibility of establishing a research  network and a 
general consensus was arrived at on the following points:
1. Collaborative research  and continuous exchange of information 
will be maintained among researchers and research  institutions.
2. Some kind of arrangem ent, form al or informal, may be 
drafted for implementation of the collaborative research  and exchange 
of information.
3. Complete listing of research  topics was drafted indicating 




















































4. Listing of high priority  research  projects was drafted 
indicating the country /institution having the facilities and expertise.
5. An action research  program  for the f irs t eight p rio rity  areas 
will be drafted by each country /institution delegate. Under each 
research  area, a consolidated program  may be eventually drafted and 
submitted to the conference chairman.
B. Possible research  areas
The conference made a lis t of research  areas, indicating their 
p rio rity  ranking and the countries/institutions which may undertake the 
study either individually or collectively.
A tabulated lis t of areas is hereby included as follows:
Research A reas
P riority Work Areas Who is working at present
1 M aturation/induced breeding ABGIK
1 Racial studies (morphology) ABFG
1 M igratory and spawning activities BG
1 Larval rearing ABCEGIKF
1 Reference repository (literature) B
1 Sex determination BJ
1 Cryogenics for males AB
1 Pitu itary  bank B
1 Egg and larval surveys (identification) BCFHI
2 Nutrition (broodstock) ABCEGI
2 Capture methods and transport of fry ABCEIK
2 Capture of adults BGE
3 & 2 P arasites and diseases GI
3 Egg biochem istry G
3 Stress (shock) GFA





F - HIMB (Hawaii)
G - OI (Hawaii)
K - CMFRI (India)
-  CIFRI (India)
I - SCRC (Indonesia)
J - JAPAN




















































The final session consolidated the different recommendations on 
priorities and strategies to be undertaken. From the nine priorities 
assigned to the different countries and institutions, the following studies, 
in capsulated proposals, were prepared and submitted by the delegates 
of the country/institution concerned which included objectives, methodo­
logy, institutions involved, approximate costs, personnel and publications.
The titles of the different studies are:





4. Migratory and spawning studies
5. Reference repository
6. Sex determination
7. Cryogenics for males
8. Pituitary bank
9. Egg and larval survey





















































1. To define the optimum spawning procedure (for salmon 
gonadotropin, specifying correct time for treatment, 
dosage, dose rate, response, etc.)
2. To determine the cost effectiveness of readily available 
hormones.
METHODOLOGY
1. By determination of natural reproductive physiology 
(for both sexes) from immaturity.
2. By determination of responses to hormone treatment.
3. By testing reactions to salmon pituitary gonadotropin.







Capital - approximately $200, 000
Recurrent - approximately $400,000/year
TRAINING
The training program will be arranged whenever necessary, 
both short term (2-3 months) and long term (MSC PhD).
PERSONNEL
Present personnel in ongoing projects in above organization.
PUBLICATIONS
As available.





















































The milkfish ranging widely in the Indo-Pacific waters from 
the Red Sea to the Mexican Coast is believed represented 
by different races geographically or population micro­
geographically. The races or populations have to be 
identified precisely in order to establish the basic ground 
on which all the biological problems are constructed.
METHODOLOGY
A format with detailed instruction is established as the 
start line of the study. Secondly, the document above is 
circulated to the institutions involved requesting the data 
filled in. Thirdly, the data are analyzed by the hand of 
the institution selected.
INSTITUTIONS INVOLVED
A number of them will be involved. At present, they will 






























































To ascertain racial differentiation of Chanos chanos throughout 
its distribution range and thereby assist in selective breeding 
of the fish.
METHODOLOGY
Electrophoretic and other appropriate biochemical techniques
INSTITUTIONS INVOLVED
Oceanic Institute, Hawaii
Hawaii Institute of Marine Biology
APPROXIMATE COSTS
Capital - none
Recurrent - $30,000/year for 5 years ($150, 000)
(training, travel, 1/2 time technicians, 
collection and preparation of material)
STUDY TITLE NO. 2-B Biochemical Taxonomy of Chanos chanos
TRAINING

























































STUDY TITLE NO. 3 Larval Rearing
DURATION
Objective 1 - 3  years (after spawning techniques developed) Simul­
taneousObjective II - 3 years ( " " " )
RESEARCH OBJECTIVES
1. To develop rearing techniques for larvae between 
hatching and 10 mm (Induced spawning may be prerequisite) - 3 yrs.
2. To improve larval rearing techniques from 10 mm to 
metamorphosis. (Wild-caught fry can be used) - 3 yrs.
METHODOLOGY
1. Conduct studies of empirical feed development, nutritional 
requirements, maintaining optimal water quality, determining 
optimal physical conditions, rearing tank design.
2. Conduct studies of empirical feed development, nutritional 
requirements, optimal holding facilities, density, diseases 
of wild-caught fry, optimal physical conditions.
INSTITUTIONS INVOLVED
1. Tungkang Marine Laboratory, Taiwan, Oceanic Institute, 
SEAFDEC, HIMB (advisory), Indonesia
2. Tungkang Marine Laboratory, Taiwan, Oceanic Institute, 
SEAFDEC, HIMB (advisory), UP, BFAR, India (CIFRI, 
CMFRI), Indonesia (SCRC)
APPROXIMATE COSTS ($ US) PER YEAR*
TML OI SEAFDEC HIMB SCRC UP BFAR INDIA
Capital 20, 000 0 0 0 10,000 2-3,000 P50,000 21, 000
Recurrent 5, 000 0 0 5, 000 25, 000 4,000
TRAINING
After research had led to improved larval rearing techniques, 
training programs at the institutions actively involved are 
strongly indicated.



















































Study Title No. 3 (Cont'd.)
PERSONNEL
TML OI SEAFDEC HIMB SCRC UP BFAR INDIA










































































1. To establish the environmental conditions for spawning.
2. To understand the life history and migratory patterns 
of the fish.
3. To simulate the conditions in the hatchery for establishing 
broodstock in captivity.
METHODOLOGY
1. By determination of natural locations of spawning sites 
through tagging and tracking.
2. By determination of seasonal migrations of fish through 
tagging.
3. By experimental manipulation in the hatchery of environments.





Capital - $50,000  Tag development and testing 
per field operation
Recurrent - $15,000 (including tag purchases).
TRAINING
Simple instructions for field operators following nomination 
of project leader(s).
PERSONNEL
US/Canada based development team.
One or two national project leaders.
Field operators (and local fishermen).






















































1. To collect all published literature on milkfish.
2. To build up a Regional reference library which would be 
the center from where information on publications on milkfish 
research/reprints could be made available to research workers/ 
Institutions in Southeast Asian countries and other countries 
engaged in milkfish research.
3. The Reference repository will also collect literature, 
scientific reports and publications on other related species.
METHODOLOGY
1. An updated bibliography on milkfish will be prepared from 
available published bibliographies, biological abstracts, 
Aquaculture Abstracts and Proceedings of National and 
International Symposia on milkfish.
2. Index card will be prepared on Authors as well as on 
different subjects and items of research on milkfish.
3. Authors of published papers/publishers will be requested 
to send reprints which may be obtained free/purchased or 
photostat copies obtained of reprints which are not readily 
available.
4. Lists of literature/publications available at the Reference 
repository will be sent monthly/quarterly to all Institutions 
engaged in milkfish research.
5. Xerox copies of relevant papers will be sent to researcher 
at their request.
6. Occasionally annotated bibliography of available literature 
will be circulated to milkfish researchers.
7. Invite workers from various institutions to supply any 
additional information on milkfish work and papers published 
for inclusion in the Reference library.



















































Study Title No. 5 (Cont'd.)
INSTITUTIONS INVOLVED
The reference repository will be established at SEAFDEC at 
its Tigbauan Research Station, Iloilo, Philippines.
All other Institutions engaged in milkfish research will be 
involved.
APPROXIMATE COSTS
Capital - US $60,000
Recurrent - US $130, 000 (Total for 5 years)
TRAINING
a. Librarian may be sent for training abroad for a period 
of 3 months.
b. Library assistant may receive local training for a 
period of 3 months.
PERSONNEL
1. One Editor for editing publications, newsletter, bulletin, etc.
2. One Librarian
3. One Library Assistant
4. One Typist and one duplicator
PUBLICATION
The Reference repository may bring out newsletters, annotated 
bibliography and bulletins to disseminate up-to-date information 






















































To determine the sex of milkfish from external characteristics.
METHODOLOGY
Examination of external morphology of all milkfish killed during 
capture or transport and of those which die or are killed in 
holding tanks. Determination of the sex of these fish on 
autopsy. Correlation of sex with morphological data.
INSTITUTIONS INVOLVED
All Institutions which obtain milkfish.
APPROXIMATE COSTS
Capital No extra costs. P art of ongoing projects.
Recurrent
TRAINING
Short-term  training (2-3 months)
PERSONNEL
P resen t personnel.





















































DURATION More than five (5) years
RESEARCH OBJECTIVES
The main purpose of this study is to ensure the availability 
of milkfish semen anywhere and anytime it is needed.
METHODOLOGY
Same method which is used for preservation of sperm  




Capital - US $4,000
Recurrent - US $2,000/year
TRAINING
Short-term  training (2-3 months)
PERSONNEL
Presen t personnel.























































To develop adequate quantities standardized pituitary gonado­
tropin preparations suitable for least cost breeding of milkfish 
and other food fishes.
METHODOLOGY
1. Collection of salmon p itu itaries.
2. Collection and preservation of pituitary glands from 
all dead m ature milkfish
3. Collection of pituitaries from  common carp and 
other fishes.
4. Preparation of various levels of fractionated pitu itaries.
5. Laboratory and field testing of above.
INSTITUTIONS INVOLVED





Recurrent - US $200,000/year Total - US $400,000
TRAINING
Training of staff in field testing.
PERSONNEL
1 Endocrinologist 2 mm
PUBLICATIONS
One field and laboratory resu lts.





















































1. To determine the natural locations of spawning grounds.
2. To establish the environmental condition, both topographical 
and oceanographical, for spawning.
3. To establish fluctuation in spawning activity in relation 
to lunar/tidal phase.
4. To understand early  life history and precise knowledge 
on proper identification of egg and larvae.
5. Laboratory rearings of larvae obtained from the eggs 
to the iden tifiab le  stage.
METHODOLOGY
1. By larval net sampling, both horizontal tows at different 
layers and vertical tows.
2. Collected eggs and larvae to be described and reared 
to the identifiable stage.
INSTITUTIONS INVOLVED
SEAFDEC, Other institutions interested are UPCF, BFAR, 
CMFRI and CIFRI (India), SCRC (Indonesia)
APPROXIMATE COSTS
Capital
Recurrent - US $20,000/year
TRAINING
Field operator regarding towing the net - 1 year
Laboratory assistan t regarding sorting - 1 year
Scientist - identification of major group of fish eggs - 3 months
PERSONNEL
Two scientists, field operators and crew (or local fishermen)
Two laboratory assistants























































On behalf of the Aquaculture Department of the Southeast Asian 
F isheries Development Center and the International Development 
Research Centre of Canada, who are jointly sponsoring this F irs t 
International Milkfish Workshop Conference, I bid you a warm  welcome. 
It is also my pleasure to convey to you the cordial greetings of our 
staff who feel highly honored to be host to such a distinguished group 
of scientists --  world renown in the science of aquaculture.
We are especially thankful to those of you who have detoured 
from your regular route to attend the FAO KYOTO Technical Conference 
on Aquaculture on May 26 to June 2, in order to participate in this 
workshop and share with us your knowledge in the breeding and culti­
vation of fishes under controlled conditions, with emphasis on milkfish, 
Chanos chanos Forskal.
Milkfish or bangos is the m ajor food fish in this country and is 
the mainstay of our fishpond and fishpen industry. This is also 
extensively cultivated in our neighboring countries, particularly  in 
Indonesia and in Taiwan. In the Philippines, over 170, 000 hectares 
of fishponds and 6, 000 hectares of fishpens are devoted to milkfish 
cultivation. The rate of harvest in fishponds is reported to be from 
800 to 2, 000 kilos per hectare, while in Laguna de Bay, harvest from  
fishpens ranges from 5, 000 to 10,000 kilograms per hectare. The 
most critical problem that faces the fishpond and fishpen industry of 
the Philippines today is the inadequacy of milkfish fry  supply, for 
nature alone cannot cope with the needs of the industry's fast expansion 
and development. Only through spawning and propagation under controlled 
conditions may we be able to remedy the situation.
Studies on the spawning of Sabalo (milkfish spawner) have been 
undertaken as early as 1937 in the Philippines. The milkfish seed 
production project of the SEAFDEC Aquaculture Department, with 
financial assistance from the International Development Research Centre, 
was started  in May, 1975. Pandan was chosen as the project site *




















































because of the presence of an otoshi-ami, which was reported to have 
caught a big number of Sabalo every year, the peak season of which is 
from  March to May. The main objectives of the project include the 
following: (1) To determ ine the spawning areas and the pattern of 
m igration of larvae and fry of milkfish; (2) To monitor the ecological 
conditions of the area under investigation; (3) To develop techniques for 
catching, handling, transporting and domestication of Sabalo; (4) To 
determine the sexes externally and the different stages of gonadal 
development; (5) To breed sexually m ature Sabalo under confinement 
and to induce breeding with the use of gonadotropin and other hormonal 
extracts; and (6) To hatch the eggs and rea r  the fry  produced from 
breeding experim ents.
Those of you who have seen the Pandan project must now be 
aware of our problems and our need for further knowledge and expertise. 
With your presence, we hope that from  our combined wisdom and 
experiences, there may arise  some concrete and effective plan of coop­
eration for this kind of research . We expect that our cooperative 
efforts shall lead to a better understanding of the work being undertaken 
by our own different laboratories. We have to recognize the fact that 
scientific isolation has no more place in the world today. All of us 
are  aware that science and technology have increased the opportunities 
for international understanding and cooperation by reducing the distance 
between nations, as witnessed by some of you who have travelled from 
your own countries to the Philippines.
We hope that during this conference, we shall develop confidence 
to enable us to strengthen our faith in the efficacy of international 
collaboration in our search  for solutions to common problems; that 
we shall dedicate the application, that is the practical application of 
our science, with goodwill for mankind; and that the impact of our 
deliberations will prove, beyond doubt, the decisive role of scientific 
research  in the achievement of p rogress, so that aquaculture science 
would gain more, not only m oral, but especially, m aterial support 























































On behalf of the p riv a te  sec to r and on my own, I w ish to 
congra tu la te  the con ferees in bringing the w orkshop to a su ccessfu l 
end. The m eetings have been v e ry  o rd e rly  and cooperation , s in c e rity , 
and goodwill have pervaded in a ll the se ss io n s . The p a rtic ip an ts  
have contributed  th e ir  sh a re  unselfish ly  in the reso lu tio n  of the issu es 
under considera tion  w hich m ore  than anything e lse  was responsib le  
to  the su c ce ss  of the con ference .
I would like a lso  to ex p ress  our app recia tion  and g ra titude  to 
SEAFDEC and IDRC fo r sponsoring  th is  In ternational M ilkfish W orkshop- 
C onference and in bringing in a  galaxy of ta len ts  th a t p a rtic ip a ted . 
This conference has brought the cause  of the bangos industry  on an 
in te rna tiona l leve l. It should be rem em bered  tha t a national bangos 
sym posium  had been held fro m  Ju ly  25-28, 1975 co -sp o n so red  by 
SEAFDEC w ith a lm o st the sam e ob jec tives.
It w ill be d e s irab le  and the in d u stry  w ill w elcom e it v e ry  m uch 
if conferences like th is could be held re g u la rly  on a continuing b a s is .
It is, indeed, v e ry  g ratify ing  that th is In ternational M ilkfish 
W orkshop-C onference w as conceived and c a r r ie d  out. The bangos 
industry , m o re  than ev er, is  faced w ith the se rio u s  lack  of se ed -fish  
fo r  growing to  co m m erc ia l s iz e s . This holds back and even re ta rd s  
its  developm ent and p ro g re s s .
In the  Ph ilipp ines, m ilk fish  occupies a p re m ie re  position  as fa r 
as production  of fish  in g e n era l is concerned . It a lso  plays an im portan t 
ro le  in the econom y and w ell being of our people. In 1974 for exam ple, 
the  production of th is  fish  was about 100 m illion  tons, second only to 
tha t of the round scad  (galonggong) produced by the co m m erc ia l f ish e r ie s , 
which was 166 m illion  tons. It is e stim ated  tha t about 200 thousand 
people a re  em ployed d ire c tly  in the production of bangos and about *
*F o rm e r  C om m issioner, Philippine F is h e r ie s  C om m ission and p re sen tly  
m em ber, B oard of D irec to rs , F ishpen  Owners A ssoc ia tion  of 



















































five times that number in the secondary and te rtia ry  industries. A 
s ta rt has been made to export the fish in order to participate in 
earning foreign exchange badly needed in the economic development 
of the country.
In view of the importance of the bangos, its production has been 
highly specialized such that certain  segments have become distinct 
industries in them selves. Among these are: the bangos fish fry  
industry, the fingerling or bangos nursery industry, and the fishpond 
and fishpen rearing industries. These industries are beset with 
problems inherent to each but most serious of all and which forms 
the common denominator is the lack of seed-fish. These problems, 
I am sure, are not only true in the Philippines but in other bangos 
producing countries as well.
The bangos fry  produced in the country in 1974 that went into 
production stream  was estim ated at 900 million. In that year, the 
requirement at 600 kg production per hectare was 1.4 billion, a 
deficiency of 500 million or 36 per cent; at 800 kg production per 
hectare, the requirem ent would have been 1.72 billion, a deficiency 
of 800 million or 48 per cent; and at 1,000 kg production per hectare 
the requirem ent would be 2.14 billion, a deficiency of 1.24 billion 
or 53 per cent.
Indications are  that the production of bangos fry  in this country 
has about reached its maximum level as the fishery, which is its 
only source, has already attained full maturity. In the face of 
improved technology and expanded areas of production, the problem 
of lack of seeds becomes more and more acute, if not critical.
It is in the solution of this problem that the private sector is 
greatly interested in. It, therefore, looks at this symposium with 
the greatest hopes and expectations, that its problem may eventually 
find solutions. The efforts at controlling the propagation of bangos 
fry  through induced breeding that had been deliberated upon in the 
meetings has been very heartening to us, especially, with the 
initial success along this line in the experiments in Pandan.
It is a source of gratification that proposals and recommendations 
had been advanced for the international collaboration and coordination 
of the researchers in the propagation and induced spawning of bangos.
We in the private sector, therefore, are entertaining the highest 
hopes that the resolution and recommendations that have been arrived 
at in this conference would be implemented soonest by action program s. 
We are greatly consoled that, in the not too distant future, our prob­






















































It is a great honor on my part to have been invited to this gathering 
of distinguished scientists and experts and share with you my own thoughts 
about the significance of this Conference to the development of m ilkfish 
industry in Southeast Asia particularly  the Philippines.
We in the Philippines have shown keen in terest in the outcome of 
this Conference especially in term s of new directions in research  which 
this Conference aims to provide in view of the importance of milkfish 
as a food fish among the m asses in the Southeast Asian region.
As you are aware, our country is endowed with the natural condi­
tions most suitable for milkfish culture and our people depend mainly 
on milkfish as a source of protein in their diet. With an estimated 
annual production of 100,000. m etric tons, our milkfish industry alone 
generates a total of P425 million per year.
Cognizant of the vital role of the milkfish industry in the Philippine 
economy, President Ferdinand E. Marcos has expanded his support to 
the fisheries sector as evidenced, among others, by the huge yearly 
contribution of the Philippine Government to the SEAFDEC Aquaculture 
Department. President Marcos has also increased the budget of the 
Bureau of F isheries and Aquatic Resources from P19 million in 1973 
to P54 million in 1976, or an increase of 65% over a period of three 
years . Moreover, P resident Marcos issued in May 1974 a decree 
designed to accelerate the development of the fishing industry. The 
necessary  incentives for the full development of the milkfish industry 
have been provided by the Philippine Government and it is for us in the 
fisheries sector to do our part to pursue this national objective with 
fervor and zeal.
A prediction has been made that by the year 2000 the total fish 
consumption in the Philippines per year will increase from the present 
1.3 million m etric tons to 2 .4  million m etric tons, or an increase of 
46% over a period of 24 years. This means that we in the Philippines 
must come up with an average increm ental fish production of about
*Director, Bureau of F isheries and Aquatic Resources (Philippines) and 



















































100, 000 m e tric  tons p e r  year to m eet the fish  req u irem en ts  in the 
y e a r 2000. E ffo rts m ust, th e re fo re , be m ade to develop the n e c e ssa ry  
technology fo r the m ass cu ltivation  and propagation  of m ilk fish  f ry  in 
th is  region; unless th is  p rob lem  is solved, the m ilk fish  in d u stry  w ill be 
unable to  m ee t th is  t a r g e te d  in c rem en ta l production p e r  unit h e c ta re .
On behalf of the Philippine G overnm ent and the SEAFDEC 
A quaculture D epartm ent, I w ish to  thank the In terna tiona l Developm ent 
R esea rch  C en tre  (IDRC) of Canada fo r its  generous a ss is ta n c e  in  funding 
m ilk fish  studies c u rre n tly  being undertaken a t the SEAFDEC A quaculture 
D epartm en t. Hopefully, w ith the su ccess  of these  stud ies the D epartm ent 
w ill be able to  p e rfo rm  its m andate of sharing  the n e c e s sa ry  technology 
to o th er SEAFDEC m em ber co u n tries  as w ell as o ther coun tries in need 
of such  technology.
L astly , on behalf of the o rg an iz e rs  of th is  C onference, m ay I 
extend the congra tu la tions to  each one of you fo r  the insigh ts you have 
contribu ted  to the p rob lem s of m ilk fish  re s e a rc h  and developm ent. 
We app rec ia te  your p e rso n a l concern  in providing new inform ation  to 
f ill  in the gap in our knowledge of the biology of the m ilk fish  because  
your efforts in th is  re g a rd  w ill help solve c e r ta in  production  p rob lem s 
th a t p re sen tly  ham per the m ilk fish  industry . With your fru itfu l and 
enrich ing  p a rtic ip a tio n , th is  C onference w ill help pave the way fo r the 


















































Working P ap e r No. 1
ONGOING RESEARCH STUDIES ON MATURATION AND SPAWNING 
OF MILKFISH, CHANOS CHANOS AT THE BRACKISHWATER 
SHRIMP AND MILKFISH CULTURE A PPLIED  RESEARCH 
AND TRAINING PRO JECT, J E PARA, INDONESIA
by
K. H. A likunhi*
A b strac t
The paper gives an account of the re s e a rc h  work  c a r r ie d  out a t 
J e p a ra , Indonesia, on induction of m a tu rity  of m ilk fish  in ponds and 
e n c lo su re s , and p ro cu rem en t of the spaw ners from  the wild fo r seed 
production by hypophysation. Seven to eight y e a rs  old pond grown 
m ilk fish  w ere found sexually im m atu re . E xperim en ts a re  being 
conducted for growing and inducing m a tu rity  in 1 -2 y e a rs  old m ilkfish  
in fe rtiliz ed  ponds w ith re g u la r tid a l flow of w ater and a lso  under 
re g u la r hypophysation p ro g ram . M ilkfish  spaw ners co llected  from  sea 
had a few m ales  in oozing condition and fem ales m ostly  spent.
In troduction
The UNDP/FAO p ro je c t on B rack ish  W ater Shrim p and M ilkfish 
C ulture Applied R esearch  and T rain ing , located  a t the Shrim p Culture 
R esea rch  C entre, Je p a ra  (C entra l Java) Indonesia is  actively  involved 
in stud ies on m atu ra tio n  and spawning of m ilk fish  a s  a dependable 
m ethod fo r augm enting seed production  of th is  w idely cultivated fish . 
Cognizant of the lim ited  n a tu ra l supply of m ilk fish  seed, the p ro jec t, 
w ith the active support of two FAO fishery  b io log is ts , is  actively  
engaged in:
i) p rospecting  and locating new fry  co llection  cen tre s ;
ii) im proving collection  gear fo r in c reas in g  fry co llections;
iii)  attem pting induction of m a tu r ity  of m ilk fish  in ponds and 
en c lo su re s ;
iv) collecting m ilk fish  spaw ners from  the sea for hypophysation 
and fry  production.
A ctiv ities under item s iii and iv above a re  pursued  under the 
lead ersh ip  of M. K. K. Sukum aran, F ish e ry  B iologist (Induced B reeding) 
and the following in form ation  is  ex trac ted  from  the re p o rt he is  now p rep a rin g .
*P ro je c t M anager, UNDP/FAO, B rack ish  W ater Shrim p and M ilkfish 
Culture Applied R esearch  and T rain ing , Ja lan  Tam an K artin i, 



















































In d u c t io n  o f  M a t u r i t y  in  P o n d s
L a r g e  m i l k f i s h ,  t r a d i t i o n a l l y  g r o w n  in  d e e p  ta m b a k s ,  i n  e a s t  J a v a ,  
w e r e  e x a m in e d  d u r in g  th e  s e a s o n  w h e n  s i m i l a r  s iz e  s p e c im e n s  in  th e  se a  
w e r e  o r d i n a r i l y  s e x u a l ly  m a t u r e .  O ne  l o t  o f  2 0 s p e c im e n s  e x a m in e d ,  
ra n g e d  f r o m  5 60  m m / 1 . 4  k g .  to  1 03 0  m m / 10 .5 k g .  N o n e  o f  th e s e  
s p e c im e n s  w a s  s e x u a l ly  m a t u r e .  Som e  o f  th e  s p e c im e n s  a p p e a re d  
m a r k e d ly  s to u t  a n d  w e ig h e d  h e a v ie r  th a n  n o r m a l  s p e c im e n s  o f  
c o r r e s p o n d in g  s iz e ;  e . g . ,  9 5 0  m m / 1 2  k g ;  8 0 0  m m / 9 . 5  k g ;  6 0 0  m m / 3 . 2 5  k g .  
D is s e c t io n  a n d  e x a m in a t io n  o f  s u c h  s p e c im e n s  s h o w e d  a r e m a r k a b le  
in c r e a s e  in  f a t  d e p o s i t io n ,  p a r t i c u l a r l y  o n  th e  a b d o m in a l  w a l l .  A c c o r d in g  
to  p o n d  o w n e r s ,  th e  la r g e  s p e c im e n s  w e ig h in g  1 0 - 1 2 k g  a r e  7 - 8  y e a r s  o ld .
T h o u g h  in f o r m a t io n  so  f a r  a v a i la b le  d o e s  n o t  s h o w  th a t  C h a n o s  
n o r m a l l y  a t t a in s  s e x u a l m a t u r i t y  in  e n c lo s e d  b r a c k is h w a t e r  p o n d s ,  t h e r e  
a r e  s t r a y  r e c o r d s  f r o m  s u c h  w a t e r s ,  o f  s p e c im e n s  s h o w in g  e a r ly  s ta g e s  
o f  g o n a d a l d e v e lo p m e n t .  E x p e r im e n t s  w e r e ,  t h e r e f o r e ,  in i t i a t e d  h o ld in g  
1 -  y e a r  o ld  m i l k f i s h ,  w e ig h in g  6 0 0  g a n d  o v e r  in  s e le c te d  ta m b a k s  w i t h  
w i t h  r e g u la r  e x c h a n g e  o f  t i d a l  w a t e r ,  u n d e r  a  s p e c i f ie d  r e g im e  o f  
f e r t i l i z e r  in p u ts  a n d  m o n th ly  i n je c t io n  o f  c a r p  p i t u i t a r y  g la n d  e x t r a c t ,  f o r  
in c r e a s in g  g r o w th  a n d  p o s s ib le  in d u c t io n  o f  g o n a d a l m a t u r a t io n .  U n d e r  
id e n t ic a l  c o n d i t io n s  o f  h a b i t a t  a n d  p o p u la t io n  th e  in je c te d  l o t  s h o w s  
b e t t e r  g r o w th .
L a r g e r  s p e c im e n s  w e ig h in g  u p  to  1 .5  k g  a n d  2  - y e a r s  o ld  a r e  a ls o  
b e in g  h e ld  in  p o n d s  w i t h  r e g u la r  t i d a l  f lo w  o f  w a t e r  to  se e  i f  g o n a d s  
w i l l  re s p o n d  to  r e g u la r  f e r t i l i z e r  in p u ts  a n d  p r o g r a m  o f  c o m p o u n d e d  
a r t i f i c i a l  fe e d s .  T w o  p o n d s ,  e a c h  o n e  h e c ta r e  in  a r e a ,  w i t h  1 .0  to  1 .2  
m e t e r s  d e p th  o f  w a t e r ,  u n d e r  a  p r o g r a m  o f  r e g u la r  m a n u r in g  w i t h  
o r g a n ic  a n d  in o r g a n ic  f e r t i l i z e r s  h a v e  a ls o  b e e n  s to c k e d  w i t h  y e a r - o ld  
m i l k f i s h  to  g r o w  th e m  to  l a r g e r  s iz e  f o r  f u r t h e r  s tu d ie s .
F lo a t in g  E n c lo s u r e s
A  f lo a t in g  e n c lo s u r e ,  6 m  x  6 m  x  6 m ,  w i t h  a n  e x t r a  1 .5  m  
h e ig h t  o f  n e t t in g  p r o je c t in g  a b o v e  w a t e r  le v e l ,  to  p r e v e n t  f i s h  f r o m  
ju m p in g  o u t ,  w a s  p u t  u p  in  th e  se a  n e a r  th e  R e s e a r c h  C e n tr e  a n d  1 .5  
y e a r s  o ld  m i l k f i s h  w e r e  in t r o d u c e d  in t o  th e  e n c lo s u r e  a t  th e  r a te  o f  
1/ s q  m .  T h e  e n c lo s u r e  w a s  m a d e  o f  ( 2 .5 4  c m )  m e s h  p o ly e th y le n e  
n e t t in g .  L a r g e  p la s t i c  c a n s  a n d  b a m b o o  f r a m e s  w e r e  u s e d  to  k e e p  
th e  e n c lo s u r e  f l o a t i n g .  F is h  w e r e  d a i l y  fe d  w i t h  a  c o m p o u n d e d , a r t i f i c i a l  
fe e d  c a k e ,  k e p t  i n  a  fe e d in g  t r a y .  T h e y  r e a d i l y  a c c e p te d  th e  fe e d  a n d  
m a r k e d ly  im p r o v e d  in  s iz e  d u r in g  a  p e r io d  o f  t h r e e  m o n th s ,  w h e n  



















































u n s h e l te r e d  lo c a t io n  a n d  e n a b le d  th e  f i s h  to  e s c a p e . A  n e w , m o r e  s h e l te r e d  
lo c a t io n  f o r  th e  e n c lo s u r e s  h a s  n o w  b e e n  s e le c te d  a n d  f o u r  e n c lo s u r e s  
a r e  b e in g  c o m m is s io n e d  f o r  f u r t h e r  t r i a l s .
S p a w n e rs  S a n c tu a r y
T o  p ro d u c e  la r g e  n u m b e r  o f  s p a w n e rs  f o r  c o m m e r c ia l  o p e r a t io n s  
a n d  to  m a k e  th e m  a v a i la b le  w h e n  r e q u i r e d ,  la r g e  im p o u n d m e n ts  in  
s u i t a b le ,  s h e l te r e d  lo c a t io n s  a lo n g  th e  c o a s ta l  se a  a n d  s to c k in g  th e m  
w i t h  y e a r l in g  o r  e v e n  b ig g e r  s p e c im e n s  o f  m i l k f i s h  a p p e a r  p r o m is in g .  
A  p r o g r a m  o f  d e v e lo p in g  s u c h  a s a n c tu a r y  o f  K a r im u n  J a w a , a b o u t  
90  k m  n o r t h - w e s t  o f  J e p a r a ,  in  th e  J a w a se a  is  n o w  u n d e r  a c t iv e  
c o n s id e r a t io n .
C o l le c t io n  o f  S p a w n e rs  f r o m  th e  S ea f o r  H y p o p h y s a t io n
S c h o o ls  o f  m i l k f i s h  sp a w n e r s  h a v e  b e e n  r e p o r te d  f r o m  s e v e r a l  
p a r t s  o f  th e  c o a s ta l  sea  a r o u n d  th e  In d o n e s ia n  a r c h ip e la g o ,  th o u g h  th e r e  
a r e  n o  r e c o r d s  o f  m i l k f i s h  a m o n g  s e a  f i s h  la n d in g s .  A r r a n g e m e n ts  
m a d e  w i t h  p r o v in c i a l  f i s h e r y  a d m in is t r a t io n s  a n d  f is h e r m e n  r e s u l t e d  
in  th e  p r o c u r e m e n t  o f  m i l k f i s h  s p a w n e r s .  T h e  d e t a i ls  a r e  g iv e n  



















































T a b le  1. D e t a i l s  o f  m i l k f i s h  sp a w n e r s  p r o c u r e d  f r o m  
t h r e e  c e n t e r s .
P la c e  o f  
P r o c u r e m e n t D a te
T o t a l  
L e n g t h  
( m m )
W e ig h t  
( k g )
S e x R e m a r k s
S o u th  
S u la w e s i 12 - 1 2 - 7 2 103 9 . 0 M a le
F o u r  m a l e  s p e c im e n s  
s tu d ie d
1 2 - 1 2 - 7 2 105 1 0 .2 F e m a le
1 2 - 1 2 - 7 2 102 8 . 7 F e m a le
1 1 - 1 7 - 7 3 1 0 7 .5 1 1 .2 M a le  s
to to
1 1 - 1 7 - 7 3 115 1 2 .8
1 1 - 1 7 - 7 3 103 1 0 .6 F e m a le W e ig h t  o f  o v a r i e s :  
1472  g
1 1 - 1 7 - 7 3 1 1 2 . 5 1 2 .3 F e m a le S p e n t?
T a y u ,  C .  
J a w a 6 -  9 - 7 4 1 0 7 .5 1 0 .0 - -
M a n c o ,  C .  
J a w a 9 - 1 1 - 7 5 96 6 . 3 5 M a le O o z in g ;  t e s t e s :  155 g
9 - 1 9 - 7 5 9 3 . 5 6 . 5 M a le O o z in g ;  t e s t e s :  3 9 0  g
1 0 - 2 0 - 7 5 101 9 . 0 F e m a le O v a r i e s :  4 5 0  g
1 1 - 2 1 - 7 5 91 7 . 2 F e m a le S p e n t
M i l k f i s h  s p a w n e r s  a r e  r e p o r t e d  f r e q u e n t l y  c a u g h t  b y  K a r i m u n  
J a w a  a n d  d r i e d / s m o k e d  o v a r i e s  e x a m in e d  i n d i c a t e d  t h a t  th e  s p e c i m e n s  
w e r e  i n  f a i r l y  a d v a n c e d  s ta g e s  o f  m a t u r i t y .
F i s h i n g  f o r  s p a w n e r s  w a s  a l s o  o r g a n i z e d  a t  K a r i m u n  J a w a  f r o m  
M a y ,  1 97 5 , u s in g  4 - 7  i n c h  (1 0 .  2 - 1 7 . 8  c m )  b a r  g i l l  n e t s ,  m a d e  o f  
2 1 0  D / 1 2  -  15 n y lo n  t w i n e .  So f a r  17 s p e c i m e n s  w e r e  c a u g h t ,  o f  
w h i c h  7 r a n g i n g  f r o m  1 .4  t o  2 .7 5  k g  i n  w e i g h t  w e r e  i m m a t u r e  w h i l e  
th e  r e s t  w e r e  a d u l t  f i s h ,  3 7 . 5  m m /  4 . 7 5  k g  t o  102 m m / 7 . 9  k g .  i n  



















































W h e n  4 - 4 .5  b a r  g i l l n e ts  w e r e  u s e d  th e  s m a l le r  s p e c im e n s  w e r e  
g i l l e d .  T h e  l a r g e r  s p e c im e n s  w e r e  o n ly  e n ta n g le d  in  th e  n e t  a n d  h a d  
n o  m a r k s  o f  g i l l i n g .
B y  p e r io d ic  e x a m in a t io n  o f  th e  n e ts  a f t e r  s e t t in g ,  f r e s h l y  g i l le d  
s p e c im e n s  c o u ld  b e  ta k e n  o u t  a l iv e  a n d  h e ld  a l iv e  f o r  s e v e r a l  h o u r s  
i n  s p e c ia l ly  d e s ig n e d  c r a d le s  in s id e  f lo a t in g  h a p a  n e ts  in  th e  s e a .
R e m a r k s
I t  a p p e a r s  q u i te  p r a c t i c a b le  to  c a tc h  m i l k f i s h  s p a w n e rs  f r o m  th e  
se a  f r o m  a r e a s  w h e r e  th e y  a r e  k n o w n  to  f r e q u e n t .  H o w e v e r ,  f o r  
h y p o p h y s a t io n ,  m a t u r e  m a le  a n d  fe m a le  s p a w n e rs  a r e  to  b e  a v a i la b le  
s im u l ta n e o u s ly  a n d  to  e n s u r e  t h is  o r g a n iz e d  f is h in g  -  g i l l  n e t t in g  a n d  
p o s s ib ly  p u r s e - s e in in g ,  e m p lo y in g  s e v e r a l  v e s s e ls  a n d  a te a m  o f  
t e c h n ic a l  w o r k e r s  p r e p a r e d  to  h a n d le  th e  s p a w n e rs  in  th e  se a  i t s e l f  
a r e  r e q u i r e d .  G e t t in g  th e  s p a w n e rs  in  th e  p r o p e r  s ta g e  o f  m a t u r i t y  
f o r  h y p o p h y s a t io n  n o w  a p p e a r s  th e  m o s t  d i f f i c u l t  p r o b le m .  A v a i l a b i l i t y  
o f  s u i ta b le  in je c t io n  m a t e r i a l  c o u ld  a ls o  b e c o m e  p r o b le m a t ic ,  s in c e  
i t  i s  e x t r e m e ly  d i f f i c u l t  to  g e t m a t u r e  o r  m a t u r in g  s p e c im e n s  o f  
s p e c ie s  c lo s e ly  r e la t e d  to  C h a n o s  f o r  p i t u i t a r y  g la n d s  c o l le c t io n .  
A  l im i t e d  s to c k  o f  p i t u i t a r y  g la n d s  o f  H i l sa  t o l i  f r o m  B o m b a y  h a s  
a l r e a d y  b e e n  c o l le c t e d  f o r  t r i a l s .  B o th  H i l s a  t o l i  a n d  H i l s a  m a c r u r a  
a r e  a v a i la b le  in  In d o n e s ia n  w a t e r s  a n d  m ig h t  p o s s ib ly  b e  th e  b e s t  
d o n o r  s p e c ie s  f o r  h y p o p h y s a t io n  o f  m i l k f i s h .  W i th  th e  p r e s e n t  le v e l  
o f  te c h n o lo g y  in  s p a w n in g ,  h a tc h in g  o f  e g g s  a n d  l a r v a l  r e a r in g ,  o f  
m u l l e t  a n d  p e n a e id  s h r im p s ,  a c tu a l  s p a w n in g ,  h a tc h in g  a n d  r e a r in g  
o f  m i l k f i s h  s h o u ld  n o t  p r e s e n t  in s u r m o u n ta b le  p r o b le m s ,  p a r t i c u l a r l y  


















































W o rk in g  P a p e r  N o . 2
E F F E C T S  O F  S A L IN IT Y  O N  G R O W T H  O F  Y O U N G  M I L K F IS H , 
C H A N OS C H A N O S *
b y
F e i  Hu a n d  I - C h iu  L ia o * *
A b s t r a c t
G ro w th  o f  y o u n g  m i l k f i s h  w a s  s tu d i e d  a t  d i f f e r e n t  l e v e l s  o f  s a l i n i t y  
o v e r  a  p e r i o d  68  d a y s .  R e s u l t s  s u g g e s t e d  t h a t  y o u n g  m i l k f i s h  r e a r e d  
in  f r e s h w a t e r  o r  l e s s  s a l i n e  s e a  w a t e r  g r e w  f a s t e r  th a n  in  s e a  w a t e r .  
T h e  i n c r e a s e  in  b o d y  w e ig h t  w a s  n e i t h e r  d u e  to  th e  i n c r e a s e  in  w a t e r  
c o n te n t  n o r  i n c r e a s e  in  f e e d in g  r a t e .  T h e  d i f f e r e n c e  in  g r o w th  r a t e  
m ig h t  b e  a t t r i b u t e d  to  t h e  d e v ia t i o n  f r o m  th e  o r i g i n a l  a c c l i m a t i n g  
s a l i n i t y .  M e c h a n i s m s  o f  th e  e f f e c t  o f  s a l i n i t y  in  r e t a r d i n g  o r  a c c e l e r a t i n g  
m i l k f i s h  g r o w th  s h o u ld  b e  i n v e s t i g a t e d  in  th e  f u t u r e .
I n t r o d u c t io n
M i lk f i s h  c u l t u r e  in  T a iw a n  d a t e s  b a c k  to  th e  e n d  o f  M in g  d y n a s ty ,  
m o r e  th a n  t h r e e  h u n d r e d  y e a r s  a g o .  M i lk f i s h  i s  o n e  o f  th e  m o s t  
i m p o r t a n t  fo o d  f i s h  in  T a iw a n .  A c c o r d in g  to  th e  F i s h e r i e s  Y e a r b o o k  
o f  1975  p u b l i s h e d  b y  th e  T a iw a n  F i s h e r i e s  B u r e a u ,  th e  c u l t u r e  a r e a  
o f  m i l k f i s h  i s  m o r e  t h a n  1 6 ,0 0 0  h a  w h ic h  i s  a b o u t  3 1 .4 %  o f  th e  t o t a l  
a r e a  u n d e r  a q u a c u l t u r e  in  T a iw a n .  T h e  e s t i m a t e d  a n n u a l  y i e l d  o f  
m ilk f is h .  in  1974  w a s  2 8 ,9 0 0  t o n s .  W h ile  e x t e n s i v e  w o r k  h a s  b e e n  
d o n e  o n  th e  v a r i o u s  c u l t u r a l  a s p e c t s  o f  t h i s  e c o n o m i c a l l y  i m p o r t a n t  
s p e c i e s  (C h e n , 1 9 7 1 ), v e r y  l i t t l e  i n f o r m a t io n  i s  a v a i l a b l e  on  i t s  
p h y s io lo g y  a n d  e c o lo g y  (L in ,  1 9 6 9 ; T s a i  e t  a l . ,  1 9 7 0 ) . T h e  p r e s e n t  
s tu d y  i s  o n e  o f  a  s e r i e s  o f  p h y s io l o g i c a l  a n d  e c o lo g i c a l  e x p e r i m e n t s  
c a r r i e d  o u t  o n  m i l k f i s h  d u r in g  16 S e p t e m b e r  t o 23 N o v e m b e r  1 9 7 5 , 
in  o r d e r  to  f in d  o u t th e  o p t im u m  s a l i n i t y  r a n g e  f o r  th e  o p t im u m  g r o w th  
o f  y o u n g  m i l k f i s h .
*C o n t r ib u t io n  A N o . 3 8 f r o m  th e  T u n g k a n g  M a r in e  L a b o r a t o r y .
* * M r .  H u  i s  a  S e n io r  S p e c i a l i s t ,  w h i le  M r .  L ia o  i s  a  S e n io r  S p e c i a l i s t  
a n d  D i r e c t o r  a t  th e  T u n g k a n g  M a r in e  L a b o r a t o r y  T a iw a n  F i s h e r i e s  



















































M a t e r i a l s  a n d  M e t h o d s
M i l k f i s h  f r y ,  p r e s u m a b l y  f r o m  t h e  s a m e  s p a w n i n g  s t o c k ,  w e r e  
c o l l e c t e d  n e a r  t h e  s h o r e l i n e  o f  t h e  T u n g k a n g  c o a s t a l  a r e a  w i t h  a  
t r i a n g u l a r  s c o o p  n e t  i n  J u n e ,  1 9 7 5 .  T h e y  w e r e  b r o u g h t  a l i v e  t o  t h e  
l a b o r a t o r y  a n d  t h e n  a c c l i m a t i z e d  to  a  s a l i n i t y  o f  a b o u t  1 5 ‰  a t  
w a t e r  t e m p e r a t u r e  r a n g i n g  f r o m  2 9 t o  3 0 ° C  i n  t h e  o u t d o o r  c e m e n t  
t a n k  f o r  a b o u t  t h r e e  m o n t h s .  D u r i n g  t h i s  p e r i o d  a n d  l a t e r  e x p e r i m e n t a l  
p e r i o d ,  f i s h  w e r e  f e d  w i t h  c o m p o u n d  f e e d .  T h e  c o m p o s i t i o n  o f  t h e  c o m p o u n d  
f e e d  i s  g i v e n  i n  T a b l e  1 . T h e  a m o u n t  o f  f e e d  g i v e n  e a c h  d a y  w a s  e n o u g h  
f o r  s a t i a t i o n .  3 0 0  y o u n g  m i l k f i s h  w e r e  t r a n s f e r r e d  t o  i n d o o r  p l a s t i c  
t a n k s  ( 0 . 5  t o n  c a p a c i t y )  f o r  t h e  e x p e r i m e n t s .  T h e y  w e r e  d i v i d e d  i n t o  
15 g r o u p s  o f  2 0  f i s h  e a c h  f o r  t e s t i n g  o f  d i f f e r e n t  s a l i n i t i e s  r a n g i n g  
f r o m  2 . 3 2  t o  3 7 . 0 6 ‰ . A f t e r  b e i n g  w e i g h e d ,  e a c h  g r o u p  w a s  
a c c l i m a t e d  t o  t h e  p r e s e n t  l e v e l s  o f  s a l i n i t y  t h r o u g h  i n t e r m e d i a t e  
s a l i n i t i e s ,  b y  a d d i n g  s e a  s a l t  t o  f r e s h w a t e r .  T h e n  e a c h  g r o u p  w a s  
d i v i d e d  i n t o  tw o  s u b g r o u p s  w i t h  a p p r o x i m a t e l y  e q u a l  m e a n  b o d y  w e i g h t .  
E x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  3 0  c o v e r e d  g r a y  P V C  a q u a r i a  
( 5 0  c m  x  2 5  c m  x  2 1  c m  i n  d e e p ) ,  e a c h  c o n t a i n i n g  1 0  f i s h  i n  
2 6  l i t e r s  o f  w a t e r  w i t h  a e r a t i o n  a n d  f i l t e r  s y s t e m .  W a t e r  t e m p e r a t u r e ,  
s a l i n i t y  a n d  r a t i o n  w e r e  r e c o r d e d  d a i l y  f o r  e a c h  g r o u p  ( F i g .  1 a n d  
T a b l e  2 ) .  W a t e r  i n  t h e  e x p e r i m e n t a l  a q u a r i a  w a s  r e n e w e d  p a r t i a l l y  
w i t h  p r e p a r e d  w a t e r  o f  s a m e  s a l i n i t y  w h e n e v e r  n e e d e d .  E x p e r i m e n t s  
w e r e  c o n d u c t e d  u n d e r  n a t u r a l  i l l u m i n a t i o n .  G r o w t h  d a t a  w e r e  o b t a i n e d  
b y  w e i g h i n g  a l l  f i s h  f r o m  e a c h  a q u a r i u m  p e r i o d i c a l l y .  W e t  b o d y  
w e i g h t  w a s  r e c o r d e d  o n  a  s i n g l e  p a n  M e t t l e r  P  1 2 1 0  b a l a n c e .  A f t e r  
t h e  f i n a l  m e a s u r e m e n t ,  f o u r  t o  s i x  i n d i v i d u a l s  o f  d i f f e r e n t  s i z e s  f r o m  
e a c h  g r o u p  w e r e  s a c r i f i c e d  f o r  w a t e r  c o n t e n t  a n a l y s i s .
R e s u l t s  a n d  D i s c u s s i o n
M e a n  w e t  b o d y  w e i g h t  o f  f i s h  i n  e v e r y  g r o u p  a t  e a c h  w e i g h i n g  
i s  l i s t e d  i n  T a b l e  2 a n d  i l l u s t r a t e d  i n  F i g .  2 .  D a t a  o b t a i n e d  a r e  
d i v i d e d  i n t o  f o u r  g r o u p s  o f  c l o s e r  s a l i n i t y  r a n g e ,  i . e . ,  2 . 3 2 - 9 . 2 5 ,  
1 0 . 7 7 - 1 8 . 7 4 ,  1 9 . 7 5 - 2 9 . 1 2  a n d  3 0 . 0 5 - 3 7 . 0 6  ‰  a n d  t h o s e  o f  t h e  
s a m e  g r o u p  a r e  p l o t t e d  i n  t h e  s a m e  p a n e l .  F i g .  2 s h o w s  t h a t  m i l k f i s h  
r e a r e d  i n  l o w  s a l i n i t y  o f  2 . 6 9  –  0 . 3 7  ‰  g r e w  f a s t e r  t h a n  t h o s e  
r e a r e d  i n  o t h e r  s a l i n i t i e s ,  t h e  g r o s s  g e n e r a l  p a t t e r n  o f  i n c r e a s e  
i n  w e i g h t  w a s  s i m i l a r .  I t  w a s ,  h o w e v e r ,  o b s e r v e d  t h a t  i n c r e a s e  i n  
w e i g h t  s o m e h o w  s l o w e d  d o w n  i n  a l l  g r o u p s  a f t e r  t h e  f o u r t h  w e i g h i n g  
p r o b a b l y  o w i n g  t o  t h e  d e c r e a s e  i n  w a t e r t e m p e r a t u r e  ( F i g .  1 ) . T o  



















































T a b l e  1 .  T h e  c o m p o s i t i o n  o f  c o m p o u n d  f e e d  f o r  
y o u n g  m i l k f i s h .
I n g r e d i e n t %
13
S h r i m p  m e a l 10
S o y b e a n 22
Y e a s t 2 0
F l o u r 15
W h e a t  g e r m 10
S o y b e a n  o i l
4
V i t a m i n  m i x t u r e 1




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































F ig . 1 F lu c tu a t io n  o f w a ter tem perature d u r in g  the expe rim e n ta l p e r io d .



















































w a s  t h e  r e s u l t  o f  l o s i n g  o r  g a i n i n g  w a t e r ,  w a t e r  c o n t e n t  w a s  a n a l y z e d  
a n d  d a t a  a r e  p r e s e n t e d  i n  F i g .  3 .  A l t h o u g h  t h e  w a t e r  c o n t e n t  o f  
y o u n g  m i l k f i s h  r e a r e d  i n  d i f f e r e n t  s a l i n i t i e s  f o r  6 3  d a y s  w e r e  r a t h e r  
d i f f e r e n t ,  n o  r e l a t i o n s h i p  w a s  i n d i c a t e d  b e t w e e n  t h e  w a t e r  c o n t e n t  a n d  
s a l i n i t y  o f  r e a r i n g  w a t e r .  I t  m i g h t  b e  c o n c l u d e d  t h a t  t h e  i n c r e a s e  i n  
w e i g h t  o f  y o u n g  m i l k f i s h  i n  l o w e r  s a l i n i t y  w a s  n o t  d u e  t o  t h e  i n c r e a s e  
i n  w a t e r  c o n t e n t  b u t  t o  o t h e r  c o m p o n e n t s .  I t  i m p l i e s  t h a t  g r o w t h  o f  
m i l k f i s h  i n  l o w e r  s a l i n i t y  i s  o f  p r a c t i c a l  s i g n i f i c a n c e .
T h e  s p e c i f i c  g r o w t h  o f  y o u n g  m i l k f i s h  i n  d i f f e r e n t  s a l i n i t i e s  
a r e  s h o w n  i n  F i g .  4 A . I t  i s  c l e a r  t h a t  t h e  s p e c i f i c  g r o w t h  r a t e  
d u r i n g  e a c h  p e r i o d  v a r i e d  a  l o t  a n d  t h e  d i s p a r i t y  i n  s p e c i f i c  g r o w t h  
r a t e  a t t r i b u t e d  t o  r a t i o n  e f f e c t  w a s  l i m i t e d ,  a s  F i g .  4 B  w a s  t a k e n  
i n t o  c o n s i d e r a t i o n .  F i g .  5 s h o w s  t h e  a v e r a g e  g r o w t h  r a t e ,  a v e r a g e  
f e e d i n g  r a t e  a n d  t h e  m e a n  r a t i o n  p e r  f i s h  o v e r  t h e  w h o l e  e x p e r i m e n t a l  
p e r i o d .  I t  i s  f o u n d  t h a t  f i s h  i n  s a l i n i t y  o f  1 4 . 9 0  –  0 . 7 3 ‰  g r e w  
l e a s t ,  w h e r e a s  f i s h  i n  2 . 6 9  –  0 . 3 7 ‰  h a d  t h e  l o w e s t  f e e d i n g  r a t e  
a n d  t h e  h i g h e s t  g r o w t h  r a t e ,  a l m o s t  3 . 5  t i m e s  o f  t he  f o r m e r  o n e .  I t  
i n d i c a t e s  a g a i n  t h a t  d i f f e r e n t  r a t i o n s  o f f e r e d  i n  t h i s  e x p e r i m e n t  h a d  a  
r e s t r i c t e d  e f f e c t  o n  t h e  g r o w t h  o f  y o u n g  m i l k f i s h .
T h e  m i l k f i s h  u s e d  i n  t h e  e x p e r i m e n t s  w e r e  r e a r e d  u n d e r  s i m i l a r  
c o n d i t i o n s  o f  w a t e r  t e m p e r a t u r e ,  l i g h t ,  s p a c e ,  a n d  f o o d .  O n ly  t h e  
r a t i o n  a n d  s a l i n i t y  l e v e l s  w e r e  d i f f e r e n t .  A s  m e n t i o n e d  e a r l i e r ,  r a t i o n  
h a d  r e s t r i c t e d  e f f e c t  o n  t h e  g r o w t h  o f  f i s h  i n  t h e  e x p e r i m e n t s .  F i g .  6 
s h o w s  t h e  t o t a l  g r o w t h  i n c r e m e n t  i n  y o u n g  m i l k f i s h  r e a r e d  i n  v a r i o u s  
s a l i n i t i e s  a s  c o m p a r e d  t o  t h a t  o f  s a l i n i t y  1 4 . 9 0  –  0 . 7 3 ‰ . F r o m  
t h i s ,  i t  i s  c l e a r  t h a t  c h a n g e  i n  s a l i n i t y  w a s  g o o d  f o r  g r o w t h ,  a n d  t h a t  
c h a n g e  i n t o  l o w e r  s a l i n i t y  w a s  b e t t e r  t h a n  t h a t  o f  h i g h e r  s a l i n i t y .  A 
n u m b e r  o f  s t u d i e s  h a v e  s h o w n  t h a t  t h e  g r o w t h  r a t e  o f  s o m e  e u r y h a l i n e  
o r g a n i s m s  d e c r e a s e s  s u d d e n l y  a t  s a l i n i t i e s  o t h e r  t h a n  5 t o  8 ‰ , d e s p i t e  
t h e  a b i l i t y  o f  t h e s e  f o r m s  t o  s u r v i v e  o v e r  a  l o n g  p e r i o d  o f  t i m e  i n  a  
w i d e r  s a l i n i t y  r a n g e  ( K h l e b o v i c h ,  1 9 6 9 ) .  C h i d a m b a r a m  a n d  U n n y  ( 1 9 4 6 )  
n o t i c e d  a  r e m a r k a b l e  v a r i a t i o n  i n  t h e  g r o w t h  r a t e  o f  m i l k f i s h  b e l o n g i n g  
t o  t h e  s a m e  s t o c k  w h e n  r e a r e d  i n  w a t e r  o f  d i f f e r e n t  s a l i n i t i e s .  T h e  
r a t e  o f  g r o w t h  w a s  m a x i m u m ,  (6 1  c m  i n  a b o u t  o n e  y e a r )  i n  f r e s h w a t e r ;  
w h e r e a s  i t  w a s  l e s s  i n  b r a c k i s h w a t e r  a n d  m u c h  l e s s  i n  c o n f i n e d  s e a w a t e r .  
I n  t h e  p r e s e n t  s t u d y ,  a n  a p p r e c i a b l e  d e c r e a s e  i n  t h e  g r o w t h  r a t e  w a s  



















































F ig .  3 W a te r c o n te n t  o f  young  m i l k f i s h  re a re d  i n  d i f f e r e n t  s a l i n i t i e s .
F ig .  4A S p e c i f ic  g ro w th  r a te  o f  young m i l k f i s h  re a re d  in  d i f f e r e n t  s a l i n i t y .  



















































F ig .  5 A veraged  g ro w th  r a te  and ave rag e d  fe e d in g  r a te  o f  young m i l k f i s h  
re a re d  in  d i f f e r e n t  s a l i n i t i e s .  Mean r a t io n  p e r  f i s h  was p re s e n te d  
as a r e fe re n c e .
F ig .  6 T o ta l g ro w th  in c re m e n t o b ta in e d  fro m  young m i l k f i s h  re a re d  in  
v a r io u s  s a l i n i t i e s  as com pared w i t h  t h a t  o b ta in e d  in  1 4 .9 0  ±  



















































In  T a i w a n ,  t h e  t r a d i t i o n a l  m i l k f i s h  f a r m i n g  f a c e s  a  s e r i o u s  
p r o b l e m  s i n c e  i t  i s  n o  l o n g e r  p o s s i b l e  t o  i n c r e a s e  t h e  p r o d u c t i o n .  
M o d i f i c a t i o n  o r  i m p r o v e m e n t  i n  c u l t u r e  t e c h n i q u e s  i s  u r g e n t l y  n e e d e d .  
D e t e r m i n i n g  t h e  o p t i m u m  s a l i n i t y  r a n g e  f o r  e a c h  g r o w t h  s t a g e  c o u l d  
c o n c e i v a b l y  b e  o f  m o r e  v a l u e  a n d  l a r g e  s c a l e  t r i a l s  a r e  n e c e s s a r y  
f o r  c o n f i r m i n g  t h e  p r e s e n t  f i n d i n g .  T h u s  k n o w l e d g e  g a i n e d  f r o m  
t h e s e  p h y s i o l o g i c a l  a n d  e c o l o g i c a l  s t u d i e s ,  n o  d o u b t ,  w o u l d  h e l p  
i n c r e a s i n g  t h e  p r o d u c t i o n  i n  m i l k f i s h  f a r m i n g .
A c k n o w l e d g m e n t s
C u r  t h a n k s  a r e  e x t e n d e d  t o  M r .  S .  R .  L i a n g  f o r  t h e  e x p e r i m e n t a l  
s e t - u p ,  t o  M r .  D . L .  L e e  f o r  t h e  f o r m u l a  o f  t h e  c o m p o u n d  f e e d  t o  
M i s s  S . W . L o u  f o r  h e r  a n a l y s i s  o f  w a t e r  c o n te n t  a n d  t o  M i s s  C .  C .  
T s e n g  f o r  h e r  a s s i s t a n c e  i n  d r a w i n g .  T h e  a u t h o r s  a r e  a l s o  i n d e b t e d  
t o  M i s s  L .  S . P a n  a n d  M r .  C .  S .  L e e  f o r  t h e i r  h e l p  t h r o u g h o u t  t h e  
e x p e r i m e n t a l  p e r i o d .
R e f e r e n c e s
C h e n ,  H .  P . , 1 9 7 1 .  L i s t  o f  r e f e r e n c e s  o n  m i l k f i s h ,  C h a n o s  c h a n o s  
( F o r s k a l )  i n  T a i w a n  ( 1 9 5 2 - 1 9 7 1 ) .  A q u i c u l t u r e .  1 ( 4 ) :2 3 - 2 G  (i n  C h i n e s e  
w i t h  E n g l i s h  a b s t r a c t  a n d  l i s t ) .
C h i d a m b a r a m ,  K .  a n d  M .  M u k u n d a n  U n n y ,  1 9 4 6 .  V a r i a t i o n  i n  t h e  
r a t e  o f  g r o w t h  o f  t h e  m i l k f i s h  ( C h a n o s  c h a n o s ). N a t u r e ,  1 5 7 : 3 7 5 .
K h l e b o v i c h ,  V . V . , 1 9 6 9 .  A s p e c t s  o f  a n i m a l  e v o l u t i o n  r e l a t e d  t o  
c r i t i c a l  s a l i n i t y  a n d  i n t e r n a l  s t a t e .  M a r i n e  B i o l . , 2 : 3 3 8 - 3 4 5 .
L i n ,  H .  S . ,  1 9 6 9 .  S o m e  a s p e c t s  o f  m i l k f i s h  e c o l o g y .  R e p o r t s  o f  
F i s h  C u l t u r e  R e s e a r c h  S u p p o r t e d  b y  R o c k e f e l l e r  F o u n d a t i o n ,  
J C R R  F i s h .  S e r . ,  7 : 6 8 - 9 0  ( i n  C h i n e s e  w i t h  E n g l i s h  s u m m a r y ) .
T s a i ,  S .  C . , H .  S .  L i n  a n d  K .  Y . L i n ,  1 9 7 0 .  S o m e  f a c t o r s  
r e g a r d i n g  t h e  m o r t a l i t y  o f  m i l k f i s h  d u r i n g  o v e r w i n t e r  p e r i o d .  


















































W o rk in g  P a p e r  N o . 3
P R E L IM IN A R Y  N O T E S  O N  T H E  S A L IN IT Y  P R E F E R E N C E  
O F  M IL K F IS H , C H A N O S  C H A N O S , F R Y
b y
J .  V . J u a r i o  a n d  W . E . V a n s to n e *
A b s t r a c t
V e r t i c a l  s a l i n i t y  g r a d i e n t  c o lu m n s  w e r e  u s e d  to  i n v e s t i g a t e  th e  
s a l i n i t y  p r e f e r e n c e  o f m i l k f i s h  f r y .  N e w ly  c a p t u r e d  f r y  s h o w e d  a  
p r e f e r e n c e  f o r  32‰  s a l i n i t y .  F r y  w h ic h  h a d  b e e n  in  c a p t i v i t y  f o r  
o n e  t o  f iv e  d a y s ,  a t  12 o r  22‰  s a l i n i t y ,  h a d  n o  s a l i n i t y  p r e f e r e n c e  
b e tw e e n  w a t e r s  o f 1 2 , 22  o r  32‰  s a l i n i t y .
I n t r o d u c t i o n
M ilk f i s h ,  C h a n o s  c h a n o s ,  f r y  a r e  t r a d i t i o n a l l y  c a p t u r e d  a t  a  
l e n g t h  o f  1 1 - 1 4  m m  a lo n g  t h e  s h o r e l i n e  a n d  t r a n s p o r t e d  to  b r a c k i s h w a t e r  
f i s h  f a r m s  w h e r e  t h e y  a r e  g r o w n  to  m a r k e t a b l e  s i z e .  T h e  f r y  t h a t  a r e  
n o t  c a p t u r e d  p r e s u m a b l y  r e t u r n  to  s e a  a n d  a r e  s e ld o m  s e e n  a g a in  in  
a n y  m a n n e r  u n t i l  t h e y  r e t u r n  a s  s p a w n in g  a d u l t s .  S e v e r a l  v a r i a t i o n s  o f 
t h i s  p a t t e r n  o c c u r .  D o c u m e n te d  r e p o r t s  s h o w  s o m e  f r y  e n t e r  r i v e r - l a k e  
s y s t e m s  a n d  s p e n d  t h e i r  f i r s t  y e a r  o r  tw o  in  t h e  l a k e  a n d  r e t u r n  t o  t h e  
s e a  a s  s e x u a l l y  i m m a t u r e  f i s h .  T h e r e  a r e  o t h e r  r e p o r t s  w h ic h  i n d ic a te  
t h a t  s o m e  f r y  s t a y  f o r  a  t i m e  in  m a n g r o v e  s w a m p s .
A s  a n  a id  to  t h e  m i l k f i s h  c u l t u r e ,  s e v e r a l  i n v e s t i g a t i o n s  h a v e  
b e e n  m a d e  o n  th e  s a l i n i t y  t o l e r a n c e  o f m i l k f i s h  f r y  a n d  f i n g e r l i n g s  
( J u l i a n o  a n d  R a b a n a l ,  1 9 6 3 : A n o n .  1 9 7 2 , 1 9 7 3 a  a n d  1 9 7 3 b ) b u t  n o  s a l i n i t y  
p r e f e r e n c e  s t u d i e s  h a v e  b e e n  m a d e  on  m i l k f i s h  f r y .  In  o r d e r  to  u n d e r ­
s t a n d  b e t t e r  th e  p h y s io lo g y  o f  t h i s  s p e c i e s ,  a  s tu d y  h a s  b e e n  i n i t i a t e d  
to  d e t e r m i n e  th e  s a l i n i t y  p r e f e r e n c e  o f  n e w ly  c a p t u r e d  f r y  a n d  p o s s i b l e  
c h a n g e s  in  t h e i r  p r e f e r e n c e  w i th  a g e .  T h is  r e p o r t  c o n ta in s  t h e  i n i t i a l  
r e s u l t s  o f  s u c h  a  s tu d y .
M a t e r i a l s  a n d  M e th o d s
F o r  t h i s  s tu d y ,  m i l k f i s h  f r y  w e r e  c o l l e c t e d  d a i l y  f r o m  th e  s h o r e  
w a t e r s  a d j a c e n t  to  th e  l a b o r a t o r y  a t  M a g - a b a ,  P a n d a n ,  A n t iq u e  P r o v i n c e ,  
C e n t r a l  P h i l i p p i n e s ,  b e tw e e n  M a y  4  to  10 , 1 9 7 6 . S o m e  100  f r y  r a n g in g
* D r .  J u a r i o  i s  a  r e s e a r c h e r  o f th e  S E A F D E C  A q u a c u l tu r e  D e p a r tm e n t  a n d  



















































i n  l e n g t h  f r o m  11 t o  1 4 .5  m m  w e r e  s e l e c t e d  a t  r a n d o m  f r o m  a b o u t  
5 0 0  f r y  c o l l e c t e d  o n  M a y  4  a n d  p l a c e d  in  a n  a e r a t e d  g l a s s  a q u a r i u m  
(3 0  c m  x  1 5 .5  c m  x  2 0  c m )  c o n ta in in g  d i lu t e d  s e a  w a t e r  a t  a  s a l i n i t y  
o f  12‰ .  A s e c o n d  g r o u p  o f  1 0 0  w a s  m a i n t a i n e d  in  a n  i d e n t i c a l  
a q u a r i u m  b u t  a t  a  s a l i n i t y  o f  22‰ .  T h e s e  f r y  w e r e  f e d  w i th  
r o t i f e r ,  B r a c h io n u s  s p . ,  d a i l y  a t  0 8 3 0  h o u r s  a n d  3 / 4  o f t h e  w a t e r  
in  e a c h  a q u a r i u m  w a s  c h a n g e d  d a i l y  a t  0 8 0 0  h o u r s .
T h e  s a l i n i t y  p r e f e r e n c e  e x p e r i m e n t a l  t a n k s  w e r e  p l a s t i c  a q u a r i a  
(3 3  c m  x  18  c m  x  23 c m )  p l a c e d  o n  a  t a b l e  in  a  c u r t a i n e d  c o r n e r  o f 
t h e  l a b o r a t o r y .  A  1 .2 2  m  s in g l e  f l u o r e s c e n t  tu b e  w a s  l o c a t e d  2 m  
a b o v e  t h e  t a n k s .
A  7 c m  l a y e r  o f s e a  w a t e r  o f  s a l i n i t y  32‰  w a s  p l a c e d  a t  
t h e  b o t to m  o f  o n e  e x p e r i m e n t a l  t a n k .  A  7 c m  l a y e r  o f 22‰  d i lu te d  
s e a  w a t e r  w a s  t h e n  f lo a t e d  o n  to p  o f  t h e  32‰  w a t e r  a n d  a  7 c m  
l a y e r  o f 12‰  w a s  f l o a t e d  o n  to p  o f th e  f o r m e r  l a y e r .  A  l a y e r  o f 
21 c m  o f  w a t e r  a t  o n e  s a l i n i t y  w a s  p l a c e d  in  t h e  s e c o n d  t a n k  w h ic h  
s e r v e d  a s  t h e  c o n t r o l .
T h r e e  t e s t s  w e r e  c o n d u c te d  e a c h  d a y :  t e s t  I , w i th  f r y  n e w ly  
c o l l e c t e d  f r o m  th e  s h o r e  w a t e r s  ( s a l i n i t y ,  32‰ ); t e s t  I I , f r y  
" a c c l i m a t i z e d "  a t  22‰ ; a n d  t e s t  III , f r y  " a c c l i m a t i z e d "  a t  12‰ . 
T h e  c o n t r o l  t a n k s  f o r  e a c h  t e s t  c o n ta in e d  w a t e r  a t  s a l i n i t i e s  o f 3 2 , 22 
a n d  12‰ , r e s p e c t i v e l y .  F o r  e a c h  t e s t ,  f o u r  f r y  w e r e  p l a c e d  in  
e a c h  o f  th e  g r a d i e n t  a n d  c o n t r o l  t a n k s .  O b s e r v a t i o n s  o n  th e  p o s i t i o n  
o f  t h e  f r y  w e r e  s t a r t e d  o n e  h o u r  l a t e r  a n d  e v e r y  20  m in u t e s  t h e r e a f t e r  
f o r  80  m i n u t e s .  S a l i n i t i e s  o f e a c h  w a t e r  l a y e r  w e r e  d e t e r m i n e d  a f t e r  
e a c h  t e s t ,  s u r f a c e  t e m p e r a t u r e s  r e c o r d e d  a n d  th e  f r y  r e m o v e d ,  m e a s u r e d  
a n d  p r e s e r v e d  in  5%  s e a  v / a t e r  f o r m a l i n .
R e s u l t s  a n d  D i s c u s s i o n
U p o n  i n t r o d u c t i o n  o f f r y  in to  th e  e x p e r i m e n t a l  o r  c o n t r o l  t a n k s ,  
i t  w a s  o b s e r v e d  t h a t  t h e y  i m m e d i a t e l y  s w a m  t o  t h e  b o t to m  o f t h e  t a n k .  
O n  r e a c h i n g  t h e  b o t to m , t h e y  a p p e a r e d  to  b e  v e r y  c o n f u s e d .  H o w e v e r ,  
t h e y  q u ic k ly  c a lm e d  d o w n  a n d  i t  w a s  a s s u m e d  t h a t  th e  o n e - h o u r  
a d j u s t m e n t  p e r i o d  w a s  m o r e  t h a n  s u f f i c i e n t  f o r  r e c o v e r y  f r o m  th e  
s t r e s s  o f  h a n d l in g  a n d  i n t r o d u c t i o n  in to  n e w  s u r r o u n d i n g s .  In  b o th  t h e  
c o n t r o l  a n d  e x p e r i m e n t a l  t a n k s ,  o c c a s i o n a l  s c h o o l in g  w a s  o b s e r v e d  in  



















































N e w ly  c a p t u r e d  f r y  s w a m  f r e e l y  up  a n d  d o w n  t h r o u g h  th e  w h o le  
c o lu m n  o f  w a t e r  in  t h e  c o n t r o l  t a n k  (32‰ ) b u t r e m a i n e d  in  th e  
32‰  l a y e r  in  t h e  e x p e r i m e n t a l  t a n k .  F r y  m a i n t a i n e d  in  w a t e r  w i th  
s a l i n i t i e s  o f  12 a n d  22‰  f o r  1 to  5 d a y s  d id  n o t  e x h ib i t  a  p r e f e r e n c e  
f o r  a n y  p a r t i c u l a r  s a l i n i t y  b u t  s w a m  a t  r a n d o m  t h r o u g h o u t  th e  c o n t r o l  
a n d  e x p e r i m e n t a l  t a n k s .  H o w e v e r ,  i t  w a s  o b s e r v e d  t h a t  t h e s e  " a c c l i ­
m a t i z e d "  f r y  t e n d e d  to  s t a y  l o n g e r  a t  t h e  b o t to m  o f  e a c h  t a n k  a n d  
a p p e a r e d  t o  b e  n ib b l in g  o r  s e a r c h i n g  f o r  d e t r i t u s .
T h e  r e s u l t s  o b ta in e d  a r e  s t i l l  t e n t a t i v e  b u t  s i m i l a r  s t u d i e s  
o n  o t h e r  s p e c i e s  ( B a g g e r m a n ,  i 9 6 0 ,  1 9 6 3 ; O tto  a n d  M c In e r n e y ,  
1 9 7 0 ; H a in ,  1 9 7 5 ; S c h u lz ,  1 9 7 5 ) h a v e  s h o w n  t h a t  s a l i n i t y  p r e f e r e n c e  



















































R e f e r e n c e s
A n o n .  1 9 7 2 .  S a l i n i t y  t o l e r a n c e  o f  b a n g u s .  A n i m a l  H u s b a n d r y  a n d  
A g r i c u l t u r a l  J .  7 ( 8 ) : 2 8 .
A n o n .  1 9 7 3 a .  S a l i n i t y  t o l e r a n c e  o f  b a n g u s .  I n : I n l a n d  F i s h e r i e s  
P r o j e c t ,  P h i l i p p i n e s ,  T e c h n i c a l  R e p o r t  N o .  3 ,  S e c o n d  h a l f  
F Y  1 9 7 3 - 7 4 ,  N S D B  a s s i s t e d  P r o j e c t  N o .  2 . 2 3 5  ( J a n .  1 -  
J u n e  3 0 ,  1 9 7 3 ) : 2 9 - 3 4 .
A n o n .  1 9 7 3 b .  B a n g u s  t r a n s f e r  f r o m  o n e  s a l i n i t y  t o  a n o t h e r .  I n :  
I n l a n d  F i s h e r i e s  P r o j e c t ,  P h i l i p p i n e s ,  T e c h n i c a l  R e p o r t  N o .  3 ,  
S e c o n d  h a l f  F Y  1 9 7 3 - 7 4 ,  N S D B  a s s i s t e d  P r o j e c t  N o .  2 . 2 3 5  
( J a n .  1 -  J u n e  3 0 ,  1 9 7 3 ) : 7 0 - 7 5 .
B a g g e r m a n ,  B .  1 9 6 0 .  S a l i n i t y  p r e f e r e n c e ,  t h y r o i d  a c t i v i t y  a n d  t h e  
s e a s o n a l  m i g r a t i o n  o f  f o u r  s p e c i e s  o f  P a c i f i c  S a l m o n  
( O n c o r h y n c h u s ) .  J .  F i s .  R e s .  B d .  C a n a d a  1 7 ( 3 ) : 2 9 5 - 3 2 2 .
__________________  . 1 9 6 3 .  T h e  e f f e c t  o f  T H S  a n d  a n t i t h y r o i d  s u b s t a n c e  
o n  s a l i n i t y  p r e f e r e n c e  a n d  t h y r o i d  a c t i v i t y  i n  j u v e n i l e  P a c i f i c  
S a l m o n .  C a n .  J .  Z o o l .  4 1 : 3 0 7 - 3 1 9 .
H a i n ,  J . H . W .  1 9 7 5 .  T h e  b e h a v i o u r  o f  m i g r a t o r y  e e l s ,  A n g u i l l a  
r o s t r a t a  i n  r e s p o n s e  t o  c u r r e n t ,  s a l i n i t y  a n d  l u n a r  p e r i o d .  
H e l g o l a e n d e r  w i s s .  M e e r e s u n t e r s .  2 7 : 2 1 1 - 2 3 3 .
J u l i a n o ,  R . O  a n d  H . R .  R a b a n a l .  1 9 6 3 .  T h e  t o l e r a n c e  o f  m i l k f i s h  
f i n g e r l i n g s  a n d  f r y ,  C h a n o s  c h a n o s  ( F o r s k a l )  t o  d e c r e a s e s  
i n  s a l i n i t y .  C o p e i a ,  N o .  1 : 1 8 0 - 1 8 1 .
O t t o ,  R . G .  a n d  J . E .  M c I n e r n e y .  1 9 7 0 .  D e v e l o p m e n t  o f  s a l i n i t y  
p r e f e r e n c e  i n  p r e - s m o l t  C o h o  S a l m o n ,  O n c o r h y n c h u s  k i s u t c h . 
J .  F i s h .  R e s .  B d .
S c h u l z ,  D .  1 9 7 5 .  S a l i n i t a e t s p r a e f e r e n z e n  b e i  G l a s a a l e n  u n d  J u n g e n  
G e l b a a l e n  ( A n g u i l l a  a n g u i l l a ) . H e l g o l a e n d e r  w i s s .  M e e r e s u n t e r s .  


















































W o r k i n g  P a p e r  N o .  4
P H Y S I O L O G I C A L  F U N C T I O N S  O F  T H E  E P I B R A N C H I A L  O R G A N  
O F  M I L K F I S H  F R O M  T H E  P O I N T  O F  I T S  O N T O G E N Y
b y
T a k e i c h i r o  K a f u k o  a n d  Y u k i m a s a  K u w a t a n i *
A b s t r a c t
T h e  e p i b r a n c h i a l  o r g a n  o f  m i l k f i s h  w a s  b e l i e v e d  f o r  l o n g  to  b e  
a  r e s p i r a t o r y  o r g a n  s i m i l a r  t o  t h a t  i n  A n ab a n t o i d s .  L a t e r  o n ,  t h e  
s t r u c t u r e  w a s  c o n s i d e r e d  t o  b e  a n  a c c e s s o r y  t o  t h e  d i g e s t i v e  s y s t e m .  
T h e  o b s e r v a t i o n s  m a d e  b y  t h e  a u t h o r s  o n  t h e  p h y s i o l o g i c a l  f u n c t i o n s  
o f  t h e  o r g a n  s u p p o r t s  t h e  l a t t e r  v i e w s .  T h i s  f i n d i n g ,  p r o b a b l y  w o u l d  
p r o v i d e  a  n e w  f i e l d  o f  r e s e a r c h  o n  m i l k f i s h .
I n t r o d u c t i o n
H y r t l  ( 1 8 6 3 )  w a s  t h e  f i r s t  a u t h o r  t o  d e s c r i b e  a n d  d r a w  a  
d i a g r a m  o f  t h e  p h a r y n g e a l  o r g a n  o f  L u t o d e i r a  c h a n o s  ( C h a n o s  c h a n o s ) 
a s  a  r e s p i r a t o r y  o r g a n ,  c a l l e d  " d i e  a c c e s o r i s h c h e n  k i e m e n  o r g a n e " .
S i n c e  t h e n  m a n y  s c i e n t i s t s  h a v e  s t u d i e d  t h e  s t r u c t u r e  o f  t h e  
o r g a n  m o s t l y  i n  l o w e r  t e l e o s t e a m  h e r b i v o r o u s  f i s h e s  s u c h  a s  t h e  
e l o p i f o r m  a n d  c l u p e i f o r m  f i s h e s .  T h e y  b e l i e v e d  t h a t  t h e  o r g a n  h a d  
a  r e s p i r a t o r y  f u n c t i o n  s i m i l a r  t o  t h a t  i n  a n a b a n t o i d s .  H e i m  ( 1 9 3 5 ) ,  
h o w e v e r ,  c o r r e c t e d  t h i s  c o n c e p t  b y  s t u d y i n g  t h e  s t r u c t u r e  o f  t h e  o r g a n  
c o n c l u d i n g  t h e  o r g a n  t o  b e  a n  a c c e s s o r y  t o  t h e  d i g e s t i v e  s y s t e m .
R e c e n t l y ,  B e r t m a r ,  e t .  a l .  ( 1 9 6 9 )  s u m m a r i z e d  t h e  s t u d i e s  a l o n g  
t h i s  l i n e ,  a n d  m o r e o v e r ,  e x p a n d e d  o u r  k n o w l e d g e  o f  t h e  C l u p e i f o r m e s  
( C l u p e i d a e  a n d  E n g r a u l i d a e ) ,  G o n o r h y n c h i f o r m e s  ( C h a n i d a e ,  G o n o r h y n c h i d a e ,  
K n e r i i d a e ,  a n d  P h r a c t o l a e m i d a e ) ,  O s t e o g l o s s i f o r m e s ,  S a l m o n i f o r m e s  
( S a l m o n i d a e ) ,  a n d  C y p r i n i f o r m e s  ( C h a r a c i d a e ,  D i s t i c h o d o n t i d a e ,  
C i t h a r i n i d a e ,  C u r i m a t i d a e ,  H e m i o d o n t i d a e ,  P r o c h i l o d o n t i d a e ) .  T h e y  
c l a s s i f i e d  t h e  s t r u c t u r e s  i n t o  s e v e n  t y p e s .
B e s i d e s  t h e  c o n t r i b u t i o n  o f  H y r t l ,  ( 1 8 6 3 )  t h e r e  a r e  o n l y  a  
f e w  p a p e r s  d e a l i n g  w i t h  t h e  e p i b r a n c h i a l  o r g a n  o f  m i l k f i s h  s u c h  a s  
(M o n o d ,  1 9 4 9 ,  1 9 6 1 ,  1 9 6 3 ;  K a p o o r  1 9 5 4 ;  a n d  T a k a s h i ,  
1 9 5 7 ) .  A m o n g  t h e m ,  K a p o o r  a t t e m p t e d  d e t a i l e d  s t u d i e s  o n  t h e  a n a t o m y




















































Weight N um ber of 
g ill ra k e rs




14mm -- 14 rudim entary about 7m m (straigh t)
19mm -- 177 com plete 19mm
62m m -- 250 -do- (not exam ined)
300g 430 -do- (not exam ined)
48
and histology, and cam e to the sam e conclusion that the ep ib ranch ial 
organ of m ilk fish  functioning p rinc ipa lly  a s  a c c e sso rie s  to- feeding and 
d igestion. This w as based  on the finding that the inner surface of the 
pocket is  lined with s tr ia ted , squam ous epithelium  carry in g  a num ber 
of m ucous c e lls .
O bservations
We have observed  a speck of food w rapped in m ucous in both the 
o rgans. We a lso  studied the s tru c tu re s  which allow  the passage of the 
food before and a fte r  com ing to the o rgan. F ro m  these stud ies we 
gather the following:
The food accum ulated  betw een two row s of gill ra k e rs  on each 
gill a rc h  a re  sucked into the organ under an autom atic  m ovem ent. 
The w ater sucked along w ith the food into the organ is  e jected  through 
the m arg in a l canal w hich  runs from  the inner w all of the blind sac 
to the outer p a r t of the gill ra k e rs  in buccal cav ity . Then, the 
accum ulated food is conveyed to the oesophagus. Enzym e which m ight 
ex is t in the organ a re  not yet e luc idated . Thus, it ap p ea rs  tha t the organ 
is  a p a rt of the digestive sy stem .
S urprising ly , the rud im en tary  ep ib ranch ial organ a p p ea rs  before  
any o ther p a r ts  of the d igestive system  and is  observed  in a s  e a rly  
stage as 14 m m  fry . The re la tionsh ip  betw een the developm ent of the 
ep ib ranch ial organ and the num ber of gill ra k e rs  was found as  follows:
R em arks
F ro m  the findings a s  m entioned above, we m ay a ttrib u te , rea so n s  fo r, 
h igher production in d ifferen t m ilk fish  cu ltu re  sy stem s espec ia lly  because 
of the ex istence of th is  specia lized  organ and its  function. The o ther w ords, 
we consider that the functional study of the ep ib ranch ia l organ  from  the 
point of b iochem ical and hab itual a sp e c ts  provide a new field on m ilk fish  
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W o r k in g  P a p e r  N o . 5
T H E  O C C U R R E N C E  O F  M IL K F IS H  C H A N O S  C H A N O S F R Y  IN  
P A N D A N  B A Y , A N T IQ U E , F R O M  21 M A Y  T O  25  J U N E , 1 975
by
S . K u m a g a i ,  A . C .  V il l a l u z ,  
L . B .  T i r o ,  J r .  a n d  W .E .  V a n s to n e *
A b s t r a c t
M il k f i s h  f r y  w e r e  c o l l e c t e d  a t  t h e  P a n d a n  s h o r e l i n e  a n d  500 m e t e r s  
o f f s h o r e .  W h ile  s h o r e - c a u g h t  f r y  w e r e  u n i f o r m  in  s i z e  t h o s e  c a p tu r e d  
o f f s h o r e  v a r i e d  in  s i z e  a n d  s ta g e  o f d e v e lo p m e n t .
I n t r o d u c t io n
T h e  c u l t u r e  o f  m i l k f i s h ,  C h a n o s  c h a n o s ,  is  a  m a j o r  i n d u s t r y  in  m a n y  
S o u th e a s t  A s i a n  c o u n t r i e s  p a r t i c u l a r l y  I n d o n e s i a ,  P h i l i p p i n e s  a n d  T a iw a n .  
F o r  c e n t u r i e s ,  m i l k f i s h  f r y  h a v e  b e e n  c a p t u r e d  a lo n g  th e  s h o r e l i n e  a n d  
r e a r e d  t o  m a r k e t a b l e  s i z e  in  f i s h  p o n d 3  a n d  m o r e  r e c e n t l y  in  n e t  e n c l o s u r e s .
A  g r e a t  d e a l  is  k n o w n  a b o u t  th e  y e a r l y  f lu c tu a t io n s  in  f r y  a b u n d a n c e  
a n d  th e  c l i m a t i c  a n d  o c e a n o g r a p h ic  c o n d i t io n s  p r e v a i l i n g  d u r in g  th e  p e a k  
s e a s o n s  o f t h e i r  o c c u r r e n c e  in  v a r i o u s  g e o g r a p h ic  r e g i o n s  o f  S o u th e a s t  
A s i a  a n d  th e  P a c i f i c  I s l a n d s .  S i m i l a r l y ,  th e  c u l t u r e  o f m i l k f i s h  h a s  b e e n  
w e l l  d o c u m e n te d  a n d  t h e r e  a r e  s e v e r a l  o n g o in g  r e s e a r c h  p r o g r a m s  
d e s ig n e d  to  a s s i s t  th e  i n d u s t r y .
In  c o n t r a s t  t o  a v a i l a b l e  k n o w le d g e  on  m i l k f i s h  in  c a p t i v i t y ,  v e r y  
l i t t l e  is  k n o w n  o f  i t s  l i f e  c y c le  in  n a t u r e .  T o  a s s i s t  in  o v e r c o m in g  t h i s  
l a c k  o f k n o w le d g e ,  t h e  A q u a c u l tu r e  D e p a r tm e n t  of t h e  S o u th e a s t  A s i a n  
F i s h e r i e s  D e v e lo p m e n t  C e n t e r  (S E A F D E C ) , h a s  u n d e r t a k e n  a  c o n c e n t r a t e d  
s tu d y  o f C h a n o s  c h a n o s  in  th e  w i ld .  F r o m  13 M a y  t o  26 J u n e ,  1 9 7 5 , 
S E A F D E C  s t a t io n e d  a  s tu d y  t e a m  a t  M a g - a b a ,  A n t iq u e ,  P h i l i p p i n e s  ( F ig .  1) 
t o  s u r v e y  th e  o c c u r r e n c e  o f m i l k f i s h  in  P a n d a n  B a y  a n d  to  l a y  t h e  g r o u n d w o r k  
f o r  f u tu r e  s t u d i e s .  T h e  s e l e c t i o n  o f t h i s  s i t e  w a s  p r o m p t e d  b y  th e  f a c t  
t h a t  75% of t h e  m i l k f i s h  f r y  c a p t u r e d  in  P a n a y  I s l a n d  c o m e  f r o m  A n t iq u e  
P r o v i n c e  (V il l a l u z ,  1 9 7 5 )  a n d  w i th  t h e  e x i s t e n c e  o f o n e  o t o s h i - a m i ,  a  
l a r g e  J a p a n e s e - d e s i g n e d  b a g  n e t  ( M a n a c o p ,  1 9 7 5 ) , w i th  a  3 0 - m - d e e p  b a g  
l o c a t e d  in  3 0 m  d e e p  a n d  5 0 0 m  o f f s h o r e  f r o m  M a g - a b a ,  P a n d a n  B a y .  In
* M r .  K u m a g a i  a n d  M r .  V il l a l uz  a r e  r e s e a r c h e r s  o f  th e  S E A F D E C  
A q u a c u l tu r e  D e p a r tm e n t ;  M r .  T i r o  is  a  r e s e a r c h  a id e  o f t h e  s a m e  
D e p a r t m e n t ;  w h i le  D r .  W .E .  V a n s to n e  i s  a  s c i e n t i s t  w i th  th e  






































































































a d d i t i o n ,  t h e r e  a r e  t w o  o t o s h i - a m i  o f f s h o r e  f r o m  L i b e r t a d ,  2 0 k m  w e s t  
o f  M a g - a b a  a n d  s e v e r a l  f i s h  c o r a l s  i n  t h e  a r e a .  B o t h  t h e  o t o s h i - a m i  
a n d  t h e  f i s h  c o r a l s  c a p t u r e  a d u l t  m i l k f i s h  o r  s a b a l o  d u r i n g  t h e  f i s h i n g  
s e a s o n  f r o m  J a n u a r y  t o  J u n e .
T h i s  n o t e  i s  b a s e d  o n  a  c o m p a r i s o n  o f  d a t a  o n  m i l k f i s h  f r y  c a p t u r e d  
a l o n g  t h e  M a g - a b a  s h o r e l i n e  w i t h  t h o s e  c a p t u r e d  i n  t h e  o t o s h i - a m i  n e a r  
M a g - a b a  f r o m  2 1  M a y  t o  2  5 J u n e ,  1 9 7 5 .
M a t e r i a l s  a n d  M e t h o d s
F r o m  2 1  M a y  t o  2 5  J u n e ,  1 9 7 5 ,  m i x e d  s p e c i e s  o f  f r y  w e r e  c o l l e c t e d  
d a i l y  b y  m e a n s  o f  a  3  m e t e r  l o n g  b y  1 m e t e r  d e e p  s e i n e  n e t  3 m  x  1 m  
a l o n g  5 0 m  o f  t h e  M a g - a b a  s h o r e l i n e  b e t w e e n  0 8 0 0  a n d  0 9 0 0  h o u r s  d r a g g e d  
b y  t w o  m e n .  A t  1 2 0 0  h o u r s  a n d  a g a i n  i n  1 6 0 0  h o u r s ,  m i x e d  s p e c i e s  o f  
f r y  c o l l e c t e d  w i t h  a  s c o o p  n e t  f i t t e d  w i t h  N G G - 5 4  n y l o n  m e s h e d  s c o o p  n e t  
f r o m  t h e  o t o s h i - a m i  a t  M a g - a b a  a s  t h e  c o m m e r c i a l  f i s h e r m e n  h a u l e d  i t  
t o  t h e  s u r f a c e .  S a l i n i t y  a n d  t e m p e r a t u r e  of  w a t e r  s a m p l e d  a t  5 ,  1 5  a n d  
3 0 m  d e p t h  b e l o w  t h e  o t o s h i - a m i  d u r i n g  t h e  1 2 0 0  l i f t i n g  o f  t h e  n e t  w e r e  
n o t e d  a n d  r e p o r t e d  e l s e w h e r e  ( T i r o  e t .  a l . ,  1 9 7 6 ) .  A l l  f r y  s a m p l e s  w e r e  
p r e s e r v e d  i n  5 %  s e a w a t e r  f o r m a l i n  f o r  o n e  t o  t h r e e  d a y s  p r i o r  t o  s o r t i n g  
a n d  m e a s u r i n g  t h e  m i l k f i s h  f r y .  A l s o ,  s o m e  o f  t h e  " s h o r e - c a u g h t "  m i l k f i s h  
f r y  o b t a i n e d  o n  1 1  J u n e  w e r e  p l a c e d  i n  a n  a q u a r i u m  c o n t a i n i n g  s e a  w a t e r  
( 3 2 ‰ ) a n d  f e d  w i t h  a  m i x t u r e  o f  p o l i s h e d  r i c e  w a s h i n g s  a n d  m i x e d  
p l a n k t o n  o b t a i n e d  f r o m  p l a n k t o n  t o w s  a l o n g  t h e  s h o r e l i n e .  F i f t y  p e r  c e n t  
o f  t h e  v o l u m e  o f  w a t e r  i n  t h e  a q u a r i u m  w a s  c h a n g e d  d a i l y  a n d  s u b - s a m p l e s  
o f  t h e s e  f r y  w e r e  e x a m i n e d  e v e r y  s e c o n d  d a y  u n t i l  2 5  J u n e .
R e s u l t s  a n d  D i s c u s s i o n s
D u r i n g  t h e  p e r i o d  f r o m  2 1  M a y  t o  2 5  J u n e ,  1 9 7 5 ,  5 2 2  m i l k f i s h  f r y  
r a n g i n g  i n  t o t a l  l e n g t h  f r o m  1 1  t o  1 4 . 3 m m  w e r e  c a p t u r e d  a l o n g  t h e  s h o r e l i n e  
a n d  1 5 0 0  f r y  r a n g i n g  i n  l e n g t h  f r o m  5 . 8  t o  1 4 . 6 m m  w e r e  o b t a i n e d  f r o m  
t h e  o t o s h i - a m i  ( F i g s .  2  a n d  3 ) .
W h i l e  t h i s  r e p o r t  c o v e r s  a  p e r i o d  o f  o n l y  3 6  d a y s  t h e  t r e n d  i n  t h e  
d a t a  p r e s e n t e d  i n  F i g .  2  s u g g e s t s  t h a t  t h e  d a i l y  n u m b e r  o f  f r y  c a u g h t  b y  
t h e  o t o s h i - a m i  w a s  g r e a t e r  o n e  t o  t w o  d a y s  p r i o r  t o  t h e  n e w  a n d  f u l l  m o o n s  
w h e r e a s  t h e  g r e a t e r  d a i l y  c a t c h  a l o n g  t h e  s h o r e l i n e  o c c u r r e d  t w o  t o  t h r e e  
d a y s  a f t e r  t h e  n e w  a n d  f u l l  m o o n s .  M i y a g a m i  ( 1 9 7 1 ) ,  C a r b i n e  ( 1 9 4 8 ) ,  
a n d  K u r o n u m a  a n d  Y a m a s h i t a  ( 1 9 6 2 ) ,  r e p o r t e d  t h a t  t h e  p e a k  i n  t h e  n u m b e r  
o f  f r y  c a p t u r e d  a l o n g  t h e  s h o r e l i n e  d o  i n  f a c t  f o l l o w  t h e  l u n a r  c y c l e  w i t h  
t h e  g r e a t e s t  a b u n d a n c e  o c c u r r i n g  f r o m  o n e  t o  t w o  d a y s  b e f o r e  a n d  u p  t o  
























































































































































t h e  a b u n d a n c e  o f  f r y  b e i n g  l o w e r  d u r i n g  t h e s e  p e r i o d s  w h e n  t h e r e  i s  a  
l a r g e  m o v e m e n t  o f  s u r f a c e  w a t e r  t o w a r d  t h e  s h o r e  i f  t h e  h i g h  t i d e s  a r e  
a c c o m p a n i e d  b y  h i g h  o f f s h o r e  w i n d s .  I n  c o n t r a s t  t o  t h e  a b o v e  r e p o r t s ,  
l o c a l  f r y  c o l l e c t o r s  a n d  f i s h e r i e s  o f f i c e r s  i n  S o u t h e a s t e r n  L u z o n  I s l a n d  
a n d  A n t i q u e  P r o v i n c e  o n  t h e  W e s t  c o a s t  o f  P a n a y  I s l a n d  s t a t e  t h a t  t h e  
p e a k s  i n  f r y  g a t h e r i n g  u s u a l l y  o c c u r s  t w o  t o  t h r e e  d a y s  a f t e r  t h e  n e w  a n d  
f u l l  m o o n s .  W h i l e  t h e s e  o b s e r v a t i o n s  m a y  b e  l o c a l  s i t u a t i o n s ,  t h e y  a r e  
s u p p o r t e d  b y  t h e  p r e s e n t  f i n d i n g s .
T h e  t o t a l  l e n g t h  o f  t h e  f r y  ( F i g .  3 )  w e r e  1 . 5  t o  2 m m  s h o r t e r  t h a n  
t h o s e  r e p o r t e d  b y  D e l s m a n  ( 1 9 2 9 )  a t  m o s t  s t a g e s  o f  d e v e l o p m e n t .  W h i l e  
o u r  f r y  o f  5 . 8 m m  t o t a l  l e n g t h  a p p e a r e d  i d e n t i c a l  t o  D e l s m a n ' s  6 . 0 m m  f r y ,  
o u r  f r y  o f  8 ,  9  a n d  1 0 m m  f r o m  t h e  o t o s h i - a m i  a n d  o u r  1 1  t o  1 4 . 6 m m  f r y  
a l s o  f r o m  t h e  o t o s h i  a n d  f r o m  t h e  s h o r e l i n e  w e r e  s i m i l a r  t o  h i s  p e l a g i c  
l a r v a e  o f  1 0 ,  1 1  a n d  1 2 m m  a n d  h i s  s h o r e - c a u g h t  f r y  o f  1 3  m m .
A l t h o u g h  D e l s m a n  o b t a i n e d  l a r v a e  o f  6  t o  1 2 m m  t o t a l  l e n g t h  i n  s u r f a c e  
p l a n k t o n  h a u l s ,  w e  w e r e  u n a b l e  t o  o b t a i n  a n y  m i l k f i s h  l a r v a e  o r  f r y  b y  
t h i s  m e t h o d  i n  t h e  v i c i n i t y  o f  t h e  o t o s h i - a m i  o r  f u r t h e r  o f f s h o r e  f r o m  i t .  
B e c a u s e  o f  s h a l l o w  w a t e r  o v e r  a  c o r a l  r e e f  w e  w e r e  u n a b l e  t o  t o w  o u r  
p l a n k t o n  n e t s  c l o s e r  t h a n  5 0 0 m  f r o m  t h e  s h o r e .  H o w e v e r ,  w e  d i d  o b t a i n  
l a r v a e  a n d  f r y  a t  d i f f e r e n t  s t a g e s  o f  d e v e l o p m e n t  f r o m  t h e  o t o s h i - a m i  
a f t e r  t h e  b a g  w a s  l i f t e d  t h r o u g h  3 0 m  o f  w a t e r .  F r o m  o u r  l i m i t e d  o b s e r ­
v a t i o n s ,  i t  a p p e a r s  t h a t  m i l k f i s h  f r y  a n d  l a r v a e  c o l l e c t e d  f r o m  M a g - a b a  
5 0 0 m  o r  m o r e  o f f s h o r e ,  a r e  l o c a t e d  s o m e w h e r e  i n  t h e  m i d - w a t e r  l a y e r s  
a n d  t h a t  t h e y  d r i f t  i n  t h i s  l a y e r  f r o m  t h e  b r e e d i n g  g r o u n d s  t o w a r d s  t h e  
s h o r e  w h i l e  g r o w i n g  t o  a  t o t a l  l e n g t h  o f  9  t o  1 0 m m .  A t  t h i s  s i z e  t h e y  
h a v e  w e l l  d e v e l o p e d  d o r s a l  a n d  a n a l  f i n s  a n d  p r o b a b l y  a i r  b l a d d e r  a n d  
f l o a t  t o  t h e  s u r f a c e  n e a r  t h e  e d g e  o f  t h e  c o r a l  r e e f .  T h e  f r y  a r e  t h e n  
c a r r i e d  t o  t h e  s h o r e  b y  t i d a l  c u r r e n t s  a n d  w i n d s  a n d  c o l l e c t e d  a l o n g  t h e  
s h o r e l i n e  a s  1 1  t o  1 4 m m  f r y .
A s  r e p o r t e d  b y  D e l s m a n  ( 1 9 2 9 ) ,  a n d  c o n f i r m e d  i n  t h i s  s t u d y ,  v e n t r a l  
f i n s  a r e  a b s e n t  f r o m  n e w l y  c a p t u r e d  s h o r e l i n e  f r y .  T h e s e  f i n s ,  h o w e v e r , 
w e r e  p r e s e n t  i n  s o m e  s p e c i m e n s  a f t e r  1 0  d a y s  a n d  i n  a i l  s p e c i m e n s  
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T a b l e  1. L e n g t h  m e a s u r e m e n t  m e a n  o f  t h r e e  s a m p le s  a n d  d e v e lo p m e n t  
o f  v e n t r a l  f i n s  o f  a q u a r i u m  r e a r e d  m i l k f i s h  f r y .
D a t e
D a y s  i n  
A q u a ­
r i u m
T o t a l  
L e n g t h  
( m m )
P r e ­
d o r s a l  
L e n g t h  
( m m )
P r e a n a l  
L e n g t h  
( m m )
P D L  
T L
P A L  
T L
R e m a r k s
1 9 7 5  
J u n e  11 0 1 3 . 1 —
— — —
13 2 1 3 . 3 7 . 8 9 . 2 0 . 5 8 2 0 . 6 8 8
1 5 4 1 2 . 6 7 . 5 8 . 7 0 . 5 9 7 0 . 6 8 9
1 7 6 1 3 . 0 7 . 5 8 . 9 0 . 5 7 2 0 . 6 8 3
1 9 8 1 3 . 5 7 . 8 9 . 2 0 . 5 8 1 0 . 6 8 0
21 10 1 3 . 3 7 . 9 8 . 9 0 . 5 9 4 0 . 6 7 3 V e n t r a l  
f i n s  
p r e s e n t  i n  
s o m e  f i s h
23 1 2 1 3 . 4 8 . 1 9 . 3 0 . 6 0 6 0 . 6 8 9
2 5 1 4 1 4 . 0 8 . 1 9 . 6 0 . 5 8 2 0 . 6 8 4 A l l  s p e ­
c im e n s  
h a v e  
v e n t r a l  


















































Working Paper No. 6
REVIEWS AND RECOMMENDATIONS ON CURRENT AND 
FUTURE RESEARCH ACTIVITIES FOR THE 




The notes written herewith are  presented in compliance with the 
"Proposed Agenda Items for the Milkfish Workshop-Conference at Iloilo, 
Philippines, May 19-22, 1976", and given in the order as denoted in 
the agenda above.
It is mentioned that the reviews or im pressions on the current 
research  activities be lim ited mainly to the contents in P art III, 
"SEAFDEC-IDRC MILKFISH RESEARCH PROJECT. Milkfish (SEAFDEC) 
IDRC File 3-P-74-0146, 1975: 62 p p ., F ig ." , and also, that recommenda­
tions for future investigations be within the framework of the reviews 
or im pressions for each agenda.
The present w riter proposes to establish an additional agenda 
item , VIII. Documentation (Presentation and recording of works; 
Report writing; Bibliography).
I . Behaviour and bio-ecology of milkfish in the wild
A. Taxonomic considerations in relation to racial or sub-specific 
variabilities
It is believed that Chanos chanos occurring widely in the 
Indo-Pacific w aters extending from  the Red-Sea to the Mexican 
coast is represented by different races geographically or populations 
micro-geographically, although the problem had not attracted the 
attention of systematic ichthyologists. The present w riter observed 
in Indonesia and the Philippines that there a r e two types of milkfish 
as shown by photographs taken, one with greater depth of body and 
higher la tera l line scale count and the other with slenderer body 
and lower scale count. Since no examinations were made on the 
specimens the fact may be considered as accidental. The two 
seasons of appearance of fry of these different types along the coast 
if definitely determined, might suggest the different races or 
populations existing.



















































Recommendation: In view of its  importance to fisheries work, rac ia l 
or population analysis w ill be needed fo r obvious reasons, and the 
analysis to be conducted may vary in scope depending on the 
configuration and extension of coastal line. From  the standpoint 
of pure biology, a semi-global program in rac ia l analysis of 
m ilk fish  may be thoroughly evaluated.
The rac ia l or population analysis of fish  w ill be made possible 
under three methodological categories, morphological (m orphom etri­
cal measurement and m eris tic  counting), ecological and biochemical 
studies on various stages of the fish . The program of studies w ill 
be made by re fe rrin g  to the lite ra tu re  on salmon, sardine, herring, 
mackerel, etc. The methodology of studies is explained in an 
a rtic le  by S .J. Holt (Report of the International Train ing Center on 
the methodology and techniques of research on mackerel 
(Rastre lleiger), Bangkok, 20 Oct. - 28 Nov. IFFC/C58/W 28, 1958).
B. M igration pattern
The movement of the m ilk fish  fry  from  the spawning ground 
toward the shore water is  apparent. However, the present 
information about the m igration is scanty and not supported by 
real evidence. Furtherm ore, in terna l and external factors 
responsible fo r the movement are not understood. The m igration 
of adult m ilk fish  in the sea is not known e i th e r , and the 
observations made so fa r are lim ited  in the context of space and 
tim e.
The hypothetical comment fo r the m igration in spawning of 
m ilk fish  was presented by the present w rite r (K. Kuronuma and M. 
Yamashita, 1962), but the comment was derived ind irectly  through 
the appearance of the fry  in shore water. There are many observa­
tions on the movement of young or sub-adult fish in  ponds or in 
associated water systems, but it  has not been confirmed whether 
they demonstrate s im ila r behaviour in  natural sea water.
The collection of fry  made at Pandan (1975 Project, Pt. III) 
shows that those fish in offshore (otoshi-ami site) and those in 
shore waters are evidently identical as population. The apparent 
difference in size between the two lots of f ry  may suggest the 
growth which occur during m igration. But the work does not give 



















































Recommendations S im ilar to the population analysis noted in 
the previous section (IA), the subject on m igration of fish from  
juvenile to sabalo may be treated from  the local standpoint or on 
local population. Such lim ita tio n  may be justified  in view of 
fisheries research.
The m igra to ry behaviour of fish from  larvae to fingerlings 
can be traced by extensive and intensive collection of samples. 
Larva-net is commonly used. Depending on the fa c ilitie s  and 
gear available, the collection w ill be made by vertica l hauling of 
net or towing of the gear in specific layers of water. The collection 
as such, attempted in different waters, w il l supply the data on which 
m igratory behaviour may be understood. The size of stock among 
different waters may also be estimated.
The studies on moving or m igration of fish  from  sub-adult 
to sabalo stages can be made by "m arking-recapture" method. I t  
may be needless to mention that the present method can be adopted 
under the condition that fishery regulation has been worked out and 
fishermen's collaboration has been promised. Perhaps the method 
w ill be an answer to the problem.
C. Oceanographic conditions
The natural environmental conditions, physico-chemical and 
biological, influences, i f  not usually determine a ll the biological 
phenomena taking place in the water. M ilk fis h is not an exception 
in this respect. Thorough understanding of the life  of fish  can be 
hardly achieved without knowledge of environmental factors 
surrounding the fish.
In the fie ld  work at Pandan (1975 Project), temperature 
and salin ity of the water were measured during the operation of 
otoshi-am i (over a few months). The water currents, tida l and 
sea, i f  measured during the work there might have supplied more 
valuable information fo r the understanding of fry  and sabalo. 
Observations on wind, cloudiness, water-transparency and p re c ip i­
tation should also have been made.
R e co m m e n d a tio n : I t  is considered as a general rule that 
oceanographical survey or observation i f  made without association 
with m ilk fish  investigation would contribute lit t le  to the knowledge 



















































The working program fo r oceanographic observation w i l l  be 
made very carefu lly depending on loca lly  accumulated experiences 
and objectives, not speaking of technical problems involved. The 
survey vessels of the Department (SEAFDEC I and II) w ill play 
leading part in such project.
D. Age and growth studies (on sabalo)
Work has been started at Pandan (1975 Project, Sec. 3). 
I t  may be noted on age and growth at f i r s t  that the te rm  
"morphological measurements" given in the t it le  needs c la rifica tion . 
The te rm  denotes measurements on various body parts of fish  as 
understood among ichthyologists and fishery biologists, working 
especially on identification of species, races, population, etc. 
(See I .A . ,  also paper by Liao [1971, Fig 1 ]). In the same report 
there are length-weight measurements, but not the morphological 
measurements.
As to the age determination of Chanos the report discussed 
the problem based on the reading of scales. Adm itting that the 
techniques involved in fish  scale reading are extremely complex, 
the determination attempted appears not fu lly  convincing. The 
adoption of a paper on s ilvercarp  was not explained. The spawning 
m ark, i f  there is any, is not discussed. The age as determined 
in Taiwanese sabal a (Liao, 1971) appears conflicting or not coinciding 
at least w ith that of Pandan fish .
Scale reading, i f  attempted on the m ilk fish  culture in 
fishponds or lakes, might have supplied valuable background 
knowledge to the work.
The length-weight relationship in sabalo trapped by otoshi-am i 
(1975 Project, Sec. 3, Tables I I  and III) shows very wide ranges 
both in  males and in females the fact being w ell noted i f  a ll the 
data are plotted on a graph. I t  may be worth try ing  to calculate 
the body weight of fish  without gonad (gonad weight is subtracted 
fro m  the tota l body weight), the length-weight relationship is  sought. 
A linear relationship might be shown by doing the above.
The growth of sabalo appears hardly discernible because 
age determination is s t i l l  ambiguous. The size-frequency method 
may hardly be applied to sabalo because of its  catches.
The development of gonads examined on the sabalo at Pandan 
was treated in the report only p re lim in a rily , and fu rther analyses of 



















































Recommendation: The methods adopted at Pandan F ie ld 
Station are believed adequate. Some suggestions may be presented 
as follows: 1 ) e ffort w ill be expanded further fo r the collection 
of materials; 2) fo r the analyses of the data the workers w ill read 
more lite ra tu re  relevant to the subject concerned in order to make 
more accurate interpretation of the problem and fu ll u tiliza tion of 
the data; 3) s im ila r and collaborative studies may be implemented 
at different fie ld  stations including Hamtik, Oton, Pandan and possibly 
Naujan Lake. I t  must be remembered that the otoshi-am i is not the 
sole fishing gear to catch adult m ilk fish .
E. Food ava ilab ility  and u tilization
Very detailed study was attempted fo r the subject by stomach 
content analysis (1975 Project, Sec. 4), presenting a valuable co n tri­
bution to the biology of chanos.
A statement (p. 37) " …  results of which may be used as 
background data fo r the m ilk fish  seed production pro ject" may not 
sound convincing, because the stomach content was examined only 
on sabalo, but not on fry  or fingerlings in  natural sea water.
Another personal comment raised by the present w rite r is 
as follows. 'M ilk fish  in the sea water is plankton feeder' is  fu lly  
understood. The statement (p. 42)"…  they have no specific 
preference fo r plankton on any water leve l" deserves attention. 
The occurrence of various form s of plankton in sea water or the ir 
habitats were not studied nor explained based on existing lite ra tu re .
Recommendation: The food habit of fish  in natural environ­
ment is  an important subject fo r study, and one of the techniques 
often adopted in the study is stomach-content analysis. There are 
a number of useful papers on the subject, of which 2 publications 
below may be useful as a reference. Lagl er, K .F . (1952) 
"Freshwater Fishery Biology" and P i l lay, T .V .R . (1952) "A critique 
of the methods of study of food of fishes", Journ. Zool. Soc. India, 
4(2): 185-200.
Efforts should be made to study the food habits of chanos in 
fry  and fingerling stage, and also to become fa m ilia r w ith lite ra tu re  



















































II. Maturation and reproduction in w ild  and captive fish
A . Reproductive physiology
This problem had not yet been taken up in the SEAFDEC 
project.
Recommendation: The knowledge on m ilk fish , especially the 
biological problem may be said to be meager or almost n il,  since 
the investigation on this problem is s t i l l  new. The program  of the 
study natura lly w ill s tart fro m  the survey of lite ra tu re . Here again, 
there are many publications on this subject of fish  biology, and the 
paper below may be found useful in the in it ia l stage of lite ra tu re  
review: Holidy, F .G .T . (1963) "The behaviour and physiology of 
herring and other clupeoids. In: Advance in marine biology, 
1: 261-404, Academic Press. A lso, contact and subsequent request 
fo r technical papers should be made fro m  the Laboratory of Fish 
Physiology, Department of Hydrobiology, Institute National de la 
Recherche Agronomique. 78350, Jouy-en-Jones, France.
S. Gonadal development
The problem on m ilk fish  has been touched by examining 
ovaries and testes of fishes collected at Pandan (1975 Project, 
Sec. 3) and UPCF Inland F isheries P roject. The studies made so 
fa r may be said to be s t i l l  in its  in it ia l stage of work as to its  
scope and technique.
Recommendation: The techniques required and the in te rp re ­
tation of the data w ill be studied at f ir s t  by reading the publications 
given below. Holt, S .J. (1956) "Report of the International Training 
Center on the methodology and techniques of research on mackerel 
(R astre lliger). IPFC/C58/W P 28". Breder, C .M . end R .E . Rosen 
(1966) "Modes of reproduction in fishes. Am. Mus. Nat. H is t."  
K. Yamamoto (1966-1968) "Collection of papers on the reproduction 
of fish, Tokyo, Japan.
C. Mating behaviour, etc.
The problem has not yet been touched up to date beyond 



















































Recommendation: S im ila r suggestion can be given to re fe r 
to the following: Kuo, C .M . and others (1974) "A procedural guide 
to induce spawning in grey mullet (Mugil cephalus Linnaeus). 
Aquiculture, 3" Liao, I . C . (1970) "Experiments on induced breeding 
of the grey m ulle t, Mugil cephalus L . A paper in Coastal 
Aquaculture Symposium, IP F C 14th Session, Bangkok, Nov. 18-27, 
1970".
D. Natural and/or induced spawning, etc.
Same as in the previous section as the problem has not been 
touched.
Recommendation: Same as given above ( I.C .).
E. Examination of spawned fish
The problem dealt w ith in this section may be better focused 
on the subject of how to keep sabalo under captiv ity. The present 
w rite r believes that actual work on the subject is carried  out 
currently at Pandan, of which he is un fam iliar. However, he has 
been informed that several researchers of the Department made 
observation tours to Honolulu (Oceanic Institute) and Taiwan (Tungkang 
Marine Biology Station), and in each institu tion, experiments are being 
done to keep sabalo in tanks. I t  is hoped that the observations made 
by them w ill produce valuable information on the works now going on 
at Pandan and elsewhere in the future.
Recommendation: The present w rite r has no particu la r 
suggestion to make at the moment aside from  reporting the following: 
A t the Oceanic Institute (Honolulu) where he made a v is it in September 
1975, several sabalos nearly one meter long were kept in wooden 
tanks fed by running sea water. The sabalos were swimming in 
c irc le  very calm ly probably because they were content w ith the 
water and food (vegetative) provided. Some of the sabalos kept in 
the tank were said to have been taken from  fishponds in the island, 
and this should in terest the workers in the Philippines.
I I I .  Egg and la rva l surveys
A . Identification of m ilk fish  eggs and larvae
The eggs and larvae of the species were described by Delsman 
more than 40 years ago. Since then, no detailed studies on the m o r­
phology have been made. This fact alone w ill require to include fu ll 



















































(1975 Project). The fact that local fishermen and fry  dealers of 
m ilk fish  are w ell acquainted with the ir commodities they w ill not be 
confused with the significance of scientific documentation.
Recommendation: Fu ll description and illu s tra tion  (photo­
graph and drawing) w ill be made on eggs and the larvae in successive 
stages based on the m aterials collected in sea water or reared in 
tanks. One paper noted here may supply a valuable suggestion to 
the work above. Matsubara, K. (1942) "On the metamorphosis of a 
clupeoid fish , Pterothrissus gisu Hilgendorf. Journ. Imp. Fish. 
In s t., Tokyo, 35(1); 16 pp., 6 f ig s ."
B. Occurrence of larvae
The m ilk fish  fry  were collected in 1975 at Pandan, Hamtik 
and Oton by the Department, and the report (1975 Project, Sec. 2) 
covers the work done at Pandan only. The present w rite r received 
a copy of the draft report by P. Gabasa -entitled *M ilk fish  fry  
investigation on the Antique coast, Panay Island, Philippines, 
May - June, 1975*, 14 pp. and a number of figures.
A few comments on the report from  Pandan may be given 
herewith. On Fig. 2 (p. 21) the ranges in the size (T .L .)  of larvae 
are different in the samples scooped in otoshi-am i fro m  those seined 
in beach water, the fo rm er represented by sm aller fishes at least 
in May and June. Whether the difference in size is  reflected by 
gear selectiv ity or is i t  indicating the growth of fry  is  not explained. 
Oceanographical conditions are not presented thus making i t  d ifficu lt 
to analyze the occurrence of the f r y  in re lation to environmental 
factors. Apparently, tida l fluctuation does effect the abundance of 
shoals both in offshore and shore waters, but the picture at Hamtik 
is not so simple. In the report fro m  Pandan, m ilk fish  fry  were 
worked on but no other fishes which should have also been collected were 
mentioned, nor plankton community in the local sea water explained.
Recommendation: The investigation of Chanos fry  w ill have to 
be programmed on a national scope because of the importance of 
the industry. The program could be formulated through careful and 
detailed planning of fie ld  work required: In the planning, the following 
items may be considered - -  site selection, period of operation, 
un it-co llecting-gear, u n it-e ffo rt, land fa c ilit ie s , not speaking of 
manpower. In this connection, the experience of the present w rite r 




















































The fina l report of m ilk fish  fry  investigation in 1975 w ill have 
to incorporate a ll the works done by the Department presenting the 
data w ith care.
IV . Egg incubation and la rva l rearing of chanos
Within the lim ited  knowledge held by the present w rite r , the 
problems involved in  the subject have not been touched, nor are 
published inform ation available. Therefore no commentary notes can 
be afforded at the moment.
Recommendation: Since the studies on incubation techniques and 
rearing of larvae are now projects so-to-speak in the Department, the 
study w ill s tart from  the planning of the study program, but not from  
'happy thoughts'. As emphasized repeatedly by the present w rite r 
the consultation w ith lite ra tu re  w ill be the starting line in the planning, 
and he w ill suggest to become fa m ilia r w ith some publications on 
m ullet and herring as introduced elsewhere in the present w riting . 
I t  may be predicted that the Station at Tigbauan w ill be the center of 
actual experiments, where shrimp w ill be successfully hatched and its  
larvae w ill be reared w ith high survival ra te. I t  is  to be remembered 
that this type of experiments is highly influenced by the fac ilitie s  
provided in addition to techniques.
V. Pathology and physiology
The above subjects may be said to be practica lly  unknown in  so far 
as Chanos is concerned.
Recommendation: Since the subjects are broad and quite 
heterogeneous besides being rather d ifferent from  other subjects 
discussed before, an en tire ly  new project w ill be established or 
created. The present w rite r believes that the project w ill not be 
undertaken together w ith other subjects. The Department w ill also 
need professional biologists i f  the project should be taken up at this 
tim e.
V I. Status of present research
VI I . Future plan of action
The two above-mentioned problems are better treated w ithin 
the same category of considerations and ideas, that he also expressed 
his evaluation, comment and recommendation of each subject mostly 
from  technical points of view in previous pages. Further, i t  seems 



















































from  two angles, technical and adm inistrative as well as po litica l 
in a sense. However, the concepts held by the w rite r w ill be 
given here in the order of orig ina l agenda item s, but w ith more 
bearing on adm inistration.
(1) Researches conducted w ithin the Department
(a) The system in the actual conduct of researches w ill 
have to be more solid so that each worker engaged in m ilk fish  
investigations can identify h im self on the nature and level of 
the work he is involved in the ove r-a ll study conducted by the 
Department. A pyram idal system of works w ill have to be 
formulated more c learly .
(b) Researchers w ill have to u tilize  lib ra ry  fac ilities  
more extensively. The lib ra ry  on the other hand w ill make 
effort to collect publications needed by researchers.
(c) Research vessels w ill be placed under the maintenance 
section of the Department, but the captain w ill be detailed with 
the research section.
(2) Researches conducted at the national level
(a) Intimate collaboration is needed among research 
institu tions, or organizations existing in the nation - -  SEAFDEC, 
UPCF, BFAR, MSU and probably SCSFDCP .
(b) A t present i t  is observed that the same subject of 
study is  ca rried  out by different institutions w ith apparently 
no mutual understanding. The jo in t studies and the studies 
shared w ill have to be defined c learly .
(3) Prospects of international collaboration
(a) I t  may be easily understood that international 
collaboration on m ilk fish  investigation is a golden ru le .
(b) Conducting a campaign among other nations w ill have 
to be made based on an attractive prospectus reinforced by 
technical aspects of highest quality. The tim ing of the 
campaign must be c leverly calculated.
(c) The campaign w ill be extended to broad areas of 



















































(d )  T h e  c a m p a i g n  w i l l  b e  m a d e  m o r e  e f f i c i e n t l y  t h r o u g h  
t h e  c h a n n e l s  o f  i n t e r n a t i o n a l  o r g a n i z a t i o n s  l i k e  I P F C ,  I O F C ,  
S P F C ,  S C S F D C P ,  P S A ,  F A O ,  e t c .
( e )  F o r  t h e  t i m e  b e i n g  t h e  p r e s e n t  w r i t e r  i s  i n c l i n e d  
t o  b e l i e v e  t h a t  i t  i s  a p p r o p r i a t e  t o  h o l d  a  m e e t i n g  i n  a n  
i n t e r n a t i o n a l  l e v e l  t e n t a t i v e l y  e n t i t l e d  " I n t e r n a t i o n a l  T r a i n i n g  
C e n t e r  o n  t h e  T e c h n i q u e  o f  M i l k f i s h  B i o l o g i c a l  R e s e a r c h "  
w h i c h  w i l l  f o l l o w  t h e  p r e s e n t  W o r k s h o p  C o n f e r e n c e .
(f )  I t  i s  t o  b e  r e m e m b e r e d  t h a t  I P F C  h a v e  h a d  c h a n o s  
s u b c o m m i t t e e  w i t h i n  t h e  o r g a n i z a t i o n  i n  t h e  p a s t .
V I I I . D o c u m e n t a t i o n
A .  P r e s e n t a t i o n  a n d  r e c o r d i n g  o f  w o r k s
T h e  A q u a c u l t u r e  D e p a r t m e n t  o f  S E A F D E C  h a s  s t a r t e d  a c t u a l  
w o r k  s i n c e  1 9 7 3  o r  s o  a t  t h e  M S U  B i o l o g i c a l  S t a t i o n  i n  M i n d a n a o .  
N o w ,  i t  i s  a p p a r e n t  t h a t  r e c o r d s  o n  m a n y  w o r k s  h a d  b e e n  d r a f t e d .  
T h e  r e c o r d s  a r e  n o t  l i m i t e d  t o  t h o s e  d e s c r i b i n g  t h e  w o r k s  c o n d u c t e d ,  
b u t  a l s o  i n c l u d e  o t h e r  t y p e s  o f  r e c o r d i n g s  o n  t h e  a c t i v i t i e s  o f  t h e  
D e p a r t m e n t  p e r s o n n e l ,  s t u d y  a n d  t r a i n i n g  t o u r 3  a b r o a d  a n d  l o c a l l y ,  
l e c t u r e s  d e l i v e r e d  o r  a t t e n d e d ,  e t c .
U n d e r  s u c h  c i r c u m s t a n c e s  i t  w i l l  b e  h i g h l y  r e c o m m e n d e d  
t o  e x e r t  e f f o r t  t o  a s s e m b l e  a l l  k i n d s  o f  r e c o r d s  r e g a r d l e s s  o f  t h e  
n a t u r e  o f  i t s  c o n t e n t s .  T h e  r e c o r d s ,  w i l l  b e  p r o p e r l y  c l a s s i f i e d  a n d  
d e p o s i t e d  i n  t h e  l i b r a r y  a n d  b e  a c c e s s i b l e  t o  r e a d i n g  o r  e x a m i n a t i o n .
R e f e r r i n g  t o  t h e  f o r m a t  o f  v a r i o u s  r e c o r d s  i s s u e d  b y  t h e  
D e p a r t m e n t  t h e  p r e s e n t  w r i t e r  o b s e r v e s  t h a t  t h o s e  w h i c h  h a v e  b e e n  
c i r c u l a t e d  s o  f a r  a r e  t o o  b u l k y ,  a n d  t h e y  a r e  n o t  c l a s s i f i e d  a s  t o  
t h e  n a t u r e  o f  s u b s t a n c e .  I n  s o m e  c a s e s ,  a d m i n i s t r a t i v e  c o n t e n t  i s  
c o m b i n e d  t o g e t h e r  w i t h  r e s e a r c h  s u b s t a n c e ,  r e s u l t i n g  i n  s o m e  
c r i t i c i s m s  t h a t  t h e  D e p a r t m e n t  i s  a  r e s e a r c h  a n d  t r a i n i n g  i n s t i t u t i o n .
B .  R e p o r t  w r i t i n g
T h e  t y p e  o f  r e p o r t i n g  o n  t h e  r e s e a r c h e s  c o n d u c t e d  m a y  b e  
c l a s s i f i e d  r o u g h l y  i n t o  t w o  - -  P r o g r e s s  R e p o r t  a n d  t h e  ( f i n a l )  R e p o r t .  
I n  t h i s  s e n s e  t h e  r e p o r t s  o n  t h e  w o r k s  d o n e  a n d  i s s u e d  s o  f a r  b y  t h e  



















































It  is hoped that some of the works conducted (e.g. Chanos fry  
collections in 1975, and shrimp r earing in the pen) w ill be published 
as a fina l report as well as a real scientific paper. I t  is  also hoped 
that such a report w il l be printed in  a Journal published by the 
SEAFDEC AQUACULTURE DEPARTMENT.
C. Local common names of Chanos chanos
This w rite r made some compilation of common names of the 
m ilk fish  used in several countries and different places in the P h ilip ­
pines. The l is t  is  attached as Annex 1.
D. Bibliography
It  is needless to emphasize here the meaning of bibliography 
in any research activ ity , and the present w rite r observes that a 
scientific paper or book which is not reinforced by a review of 
lite ra tu re  is very often unacceptable.
In this sense the lib ra ry  must be w ell provided with 
publications, and the researchers must always open the ir eyes widely 
in lite ra tu re  hunting.
Attached as Annex 2 is a bibliography compiled by 



















































L o c a l  C o m m o n  N a m e s  o f  C h a n o s  c h a n o s  
c o m p i l e d  b y  K .  K u r o n u m a
A w a - A w a  ( H a w a i i )
B a u l o ,  B o l u  ( C e l e b e s )
B e l a n a k - s e m b a w a  ( N .  B o r n e o )
B i n n i  A l - b h r  ( I r a q )
M i l k f i s h  ( E n g l i s h )
B a n g l i s  ( P h i l i p p i n e s )
B a n g l e s  ( P h i l i p p i n e s )
B a n g l o t  ( P h i l i p p i n e s )
B a n g l u s  ( P h i l i p p i n e s )
B a n g u s  ( P h i l i p p i n e s )
B a n g o s  ( P h i l i p p i n e s )
C a  M a n g  ( S .  V i e t n a m )
G a - t i n  ( B u r m a )
B a n d a n g  ( M a l a y s i a )
J a n g o s  ( M a l a y s i a )
P i s o n g - p i s o n g  ( M a l a y s i a )
P l a - N u a h - C h a n  ( T h a i l a n d )
P l a i - m e e n  ( C e y l o n )
P a l - m e e n  ( T a m i l )
I k a n  B a n d e n g  ( J a v a )
V a i k k a  (S i n h a l e s e )
S a b a l o  ( S p a n i s h  i n  M e x i c o  a n d  P h i l i p p i n e s )
S a b a h e e  ( T a i w a n  a n d  J a p a n )



















































A n n e x  2
B I B L I O G R A P H I C A L  S O U R C E S  O N  T H E  B I O L O G Y  A N D  C U L T U R E  
O F  M I L K F I S H ,  C H A N O S  C H A N O S
C o m p i l e d  b y  K a t s u z o  K u r o n u m a ,  A p r i l  1 9 7 6 *
A n  a t t e m p t  h a s  b e e n  m a d e  t o  c o m p i l e  t h e  p r e s e n t  b i b l i o g r a p h y  a s  
c o m p r e h e n s i v e l y  a s  p o s s i b l e  w i t h i n  t h e  l i m i t s  o f  s o u r c e  m a t e r i a l s  
a v a i l a b l e  a t  h a n d .  I t  i s  a d m i t t e d  t h a t  m a n y  i n d i s p e n s a b l e  w o r k s  m a y  
h a v e  b e e n  e s c a p e d  i n  t h e  l i s t i n g .  A l s o ,  a t t e n t i o n  m a y  b e  d r a w n  t o  t h e  
f a c t  t h a t  a  l a r g e  n u m b e r  o f  r e f e r e n c e s  i n c l u d e d  h e r e  h a v e  b e e n  q u o t e d  
f r o m  d i f f e r e n t  s o u r c e s .  H e n c e ,  t h e  p r e s e n t a t i o n  o f  t h e s e  m a y  b e  
l a c k i n g  i n  c o n s i s t e n c y  o f  s t y l e  o f  c i t a t i o n s  a n d  o t h e r  n o t a t i o n s .
I t  i s  h o p e d ,  h o w e v e r ,  t h a t  t h e  p r e s e n t  l i s t  o f  b i b l i o g r a p h y  o n  
m i l k f i s h  c o v e r i n g  m o r e  t h a n  2 5 0  i t e m s  w i l l  m a r k  a  s t a r t i n g  l i n e  t o w a r d  
t h e  c o m p l e t i o n  o f  t h e  f u l l  l i s t i n g  o f  t h e  p u b l i c a t i o n s ,  r e f e r r i n g  t o  t h i s  
v a l u a b l e  a n d  i n t e r e s t i n g  s p e c i e s  o f  f i s h  o c c u r r i n g  w i d e l y  i n  t h e  I n d o -  
P a c i f i c  s e a  a r e a s .
I t  m a y  b e  a d d e d  t h a t  t h e  p r e s e n t  l i s t  i s  s u b m i t t e d  t o  b e  u s e d  
d u r i n g  t h e  " M i l k f i s h  W o r k s h o p - C o n f e r e n c e "  a t  I l o i l o ,  P h i l i p p i n e s ,  
M a y  1 9 - 2 2 .  A n  e f f o r t  w i l l  b e  m a d e  i n  d u e  t i m e  t o  p r e p a r e  a  m o r e  
c o m p r e h e n s i v e  a n d  c r i t i c a l l y  c h e c k e d  r e v i s e d  e d i t i o n .
A n o n y m o u s  1 9 4 7 .  R e v i s e d  f a c t s  o n  t h e  s a n i t a t i o n  o f  b r a c k i s h w a t e r  f i s h  
p o n d s  ( i n  D u t c h ) .  M e d e .  D i e n .  V o l k s g e z o n d .  N e t h .  I n d i e  
( D j a k a r t a ) :  1 9  p p .
1 9 5 3 .  S u m m a r y  o f  i n v e s t i g a t i o n  c a r r i e d  o u t  i n  I n d i a  o n  
C h a n o s  c h a n o s . I n d o .  P a c .  F i s h .  C o u n c .  O c c .  P a p . ,  5 3 / 3 :  1 - 6 .
_________________ 1 9 7 0 .  L i s t  o f  p u b l i c a t i o n s  ( 1 9 5 9 - 1 9 6 9 )  b y  t h e  s t a f f ,  T a i n a n  
B r a n c h ,  T a i w a n  F i s h e r i e s  R e s e a r c h  I n s t i t u t e  ( i n  C h i n e s e ) .  
A q u i c u l t u r e ,  1 ( 1 ) :  4 6 - 4 9 .
_________________ 1 9 7 4 .  C a t c h i n g  s a b a l o  i s  p r o h i b i t e d .  F i s h .  N e w s l e t . , 
( A p r i l  -  J u n e ) :  4 1 ,  f i g .
_________________ 1 9 7 5 .  P h i l i p p i n e s :  L a g u n a  L a k e  m i l k f i s h  f i s h p e n  c u l t u r e .  
F A O  A q u a c u l t u r e  B u l l . ,  7 ( 1 - 2 ) :  1 7 .



















































A n o n y m o u s  1 9 7 5 .  H a n d l i n g  o f  m i l k f i s h  b r o o d  s t o c k .  F A O  A q u a c u l t u r e  
B u l l . ,  7 ( 1 - 2 ) :  4 .
A b a g o n ,  M . A .  a n d  o t h e r s ,  1 9 5 1 ,  " G u l a m a n g  d a g a t "  a s  s u p p l e m e n t a r y  
f e e d  f o r  b a n g o s .  B u l l .  F i s h .  S o c .  P h i l . ,  2 .
A c o s t a ,  P . A .  a n d  o t h e r s .  1 9 6 9 .  I m p r o v e d  t e c h n i q u e s  i n  b a n g o s ,  C h a n o s  
c h a n o s  c u l t u r e .  A  p a p e r  p r e s e n t e d  a t  t h e  F i r s t  A n n u a l  S y m p o s i u m  
o f  F o o d  R e s e a r c h  b y  N S D B ,  J u l y ,  M a n i l a .
A d a m s ,  W ,  a n d  o t h e r s ,  1 9 3 2 .  C u l t i v a t i o n  o f  b a n g o s  i n  t h e  P h i l i p p i n e s .  
P h i l .  J o u r n .  S c i . ,  4 7 ( 1 ) :  1 - 3 8 ,  1 0  p l s . ,  9  f i g s .
A l m a z a n ,  G . ,  1 9 7 0 .  F o o d  h a b i t s  o f  m i l k f i s h  C h a n o s  c h a n o s  ( F o r s k a l )  i n  
f r e s h w a t e r  p o n d s .  T h e s i s  s u b m i t t e d  t o  C o l l e g e  o f  F i s h e r i e s ,  
U n i v e r s i t y  o f  P h i l i p p i n e s .
A n g e l e s ,  H . G . ,  1 9 6 8 .  A  p r e l i m i n a r y  r e p o r t  o n  t h e  o b s e r v a t i o n  a n d  
p o s s i b i l i t i e s  o f  i n d u c e d  s p a w n i n g  i n  m u l l e t  a n d  m i l k f i s h .  I n d o .  
P a c .  F i s h .  C o u n c .  O c c .  P a p . ,  3 :  1 2  p p .
A n t o n i o ,  C .  a n d  P .  M a n a c o p ,  1 9 5 6 .  P r e l i m i n a r y  l o n g e v i t y  t e s t  o f  
b a n g o s  f r y  i n  s t o r a g e .  P h i l .  J o u r n .  F i s h . ,  4 ( 1 ) :  1 1 9 - 1 3 0 ,  4  f i g s .
A r a i ,  R .  a n d  o t h e r s ,  1 9 7 6 .  C h r o m o s o m e s  o f  C h a n o s  c h a n o s  
( G o n o r h y n c h i f o r m . e s ,  C h a n i d a e ) .  J a p .  J o u r n .  I c h t h y o l . ,  2 2 ( 4 ) :  
2 4 1 - 2 4 2 ,  2  f i g s .
A r c e g a ,  M .  1 9 7 4 .  B a n g o s :  K i n g  o f  t h e  f i s h p o n d s .  G r e e n f i e l d s ,  
3 ( 6 ) :  1 0 - 1 2 .
A r r i o l a ,  F . J .  1 9 4 1 .  N o t e s  o n  b r a c k i s h w a t e r  f i s h  f a r m i n g  i n  L u z o n .  
P h i l .  J o u r n .  S c i . ,  7 6 ( 2 ) :  1 - 6 ,  1 0 5 - 1 1 9 .
A t m o h a r d j o n o ,  R .  1 9 3 3 .  E x p l o i t a t i o n  o f  b r a c k i s h w a t e r  p o n d s  i n  t h e  
d e l t a  o f  S i d o h a r j o  ( i n  D u t c h ) .  V a l o m a  ( B u i t e n s o r g ) ,  1 ( 4 ) :  1 - 2 1 .
B a g n i s ,  R .  a n d  o t h e r s .  1 9 7 2 .  F i s h e s  o f  P o l y n e s i a .  E d i t i o n s  d u  
P a c i f i q u e ,  T a h i t i :  1 - 3 6 8 ,  f i g s .
B a r d a c h ,  J . E .  a n d  o t h e r s .  1 9 7 2 .  A q u a c u l t u r e :  T h e  f a r m i n g  a n d  
h u s b a n d r y  o f  f r e s h w a t e r  a n d  m a r i n e  o r g a n i s m s .  W i l e y -  
I n t e r s c i e n c e ,  N e w  Y o r k :  1 - 8 6 8 ,  f i g s . ,  p l s .
B e l l ,  F . T .  a n d  E .  H i g g i n s .  1 9 3 9 .  A  p l a n  f o r  t h e  d e v e l o p m e n t  o f  t h e  
H a w a i i a n  f i s h e r i e s .  U . S .  B u r e a u  o f  F i s h e r i e s ,  I n v e s t .  R e p . ,  



















































B e n - Y a m i ,  M .  1 9 6 8 .  O b s e r v a t i o n  o n  t h e  d i s t r i b u t i o n  a n d  b e h a v i o u r  o f  
p e l a g i c  s h o a l i n g  f i s h  i n  t h e  s o u t h e r n  R e d  S e a .  B u l l .  S e a .  F i s h .  
R e s .  S t a . ,  H a i f a ,  5 1 :  3 1 - 4 6 ,  5  f i g s .
B e r d e g u e ,  A . , J .  1 9 5 6 .  P e c e s  d e  i m p o r t a n c i a  c o m e r c i a l  e n  l a  c o s t a  
n o r - o c c i d e n t a l  d e  M e x i c o .  D i r e c .  G e n e .  P c 3 c a  e  I n d u s t .  C o n e x .  
1 - 3 4 5 ,  f i g s .  1 - 2 0 6 .
B e r g ,  L . S .  1 9 6 5 .  C l a s s i f i c a t i o n  o f  f i s h e s  b o t h  r e c e n t  a n d  f o s s i l .  
R e p r i n t  o f  1 9 4 7  e d i t i o n .  A S R C T ,  B a n g k o k :  3 4 6 - 5 1 7 ,  f i g s .  1 - 1 9 0 .
B e r t m a r ,  G .  a n d  o t h e r s .  E p i b r a n c h i a l  o r g a n s  i n  l o w e r  t e l e - o s t e a n  
f i s h e s - A n  e x a m p l e  o f  s t r u c t u r a l  m o d i f i c a t i o n .  I n t .  R e v .  G e n .  
E x p .  Z o o l . ,  4 :  1 - 4 8 ,  1 3  f i g s .
B l a n c o ,  G . J .  1 9 6 6 .  A s s e s s m e n t  o f  f i s h  s e e d s  f o r  f i s h  c u l t u r e  p r o d u c t i o n  
w i t h  e m p h a s i s  o n  s t o c k i n g  o f  i n l a n d  w a t e r s  i n  t h e  P h i l i p p i n e s .  
P h i l .  J o u r n .  F i s h . :  1 0 - 1 2 .
_________________ 1 9 7 2 .  F i s h  s e e d  p r o d u c t i o n  f o r  i n t e n s i v e  c o a s t a l  a q u a c u l t u r e  
i n  t h e  I n d o - P a c i f i c  r e g i o n  ( i n  c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o -  
P a c i f i c  r e g i o n ) .  F A O  a n d  F i s h i n g  N e w s  ( B o o k s )  L t d . ,  L o n d o n :  
i - x i i i ,  1 - 4 9 7 ,  f i g s .
B l a n c o ,  G . J .  1 9 7 2 .  S t a t u s  a n d  p r o b l e m s  o f  c o a s t a l  a q u a c u l t u r e  i n  t h e  
P h i l i p p i n e s .  P u b l i s h e d  i n  t h e  s a m e  a s  t h e  p r e v i o u s .
B l a n c o ,  G . J .  a n d  D . V .  V i l l a d o l i d .  1 9 3 9 .  F i s h - f r y  i n d u s t r i e s  o f  t h e  
P h i l i p p i n e s .  P h i l .  J o u r n .  S c i . ,  6 9 ( 1 ) :  6 9 - 1 0 0 .
_________________ 1 9 5 0 .  T h e  y o u n g  o f  s o m e  f i s h e s  o f  L u z o n .  I n d o .  P a c .  
F i s h .  C o u n .  T e c h .  R e p . ,  3 1 :  1 - 1 8 .
B l a x t e r ,  J . H . S .  a n d  G .  H e m p e l .  B i o l o g i c a l  o b s e r v a t i o n s  o f  r e a r e d  
h e r r i n g  s p a w n .  ( T r a n s l a t e d  f r o m  G e r m a n ) .  F i s h  R e s .  B o a r d  
C a n a d a .  T r a n s . s e r . ,  7 0 8 :  1 - 2 7 ,  f i g s .  1 - 6 .
_________________ 1 9 5 5 .  P h i l .  J o u r n .  F i s h . ,  4 ( i ) :  1 4 5 - 1 7 5 ,  6  f i g s .
_________________ 1 9 5 7 .  B a n g o s  f r y  t r a w l .  I P F C  7 t h  S e s s .  d o c u m e n t  ( m i m e o ) ,  
I P F C  ( C 5 7 )  T e c h .  7 : 4 .
B u .  o f  F i s h .  1 9 5 0 .  T h e  i m p o r t a n c e  o f  t h e  b a n g o s  f i s h p o n d  i n d u s t r y  



















































B l e e k e r ,  P .  1 9 6 6 .  A t l a s  I c h t h y o l o g i q u e  d e s  I n d e s  O r i e n t a l e s  
N e e r l a n d a i s e s .  V o l .  6 :  8 4  p p .
B o t k e ,  F .  1 9 5 1 .  A  s h o r t  s u r v e y  o n  f i s h i n g  a n d  t r a n s p o r t a t i o n  o f  
b a n d e n g  f r y .  L a n d b o u w ,  1 2 3 :  3 9 9 - 4 0 9 .
B u n a g ,  D . M .  1 9 5 1 .  S p a w n i n g  h a b i t s  o f  C h a n o s  c h a n o s  ( F o r s k a l )  b a s e d  
o n  t h e  d i a m e t e r  m e a s u r e m e n t s  o f  t h e  d e v e l o p i n g  o v a r i a n  e g g s .  
I n d o .  P a c .  F i s h .  C o u n .  T e c h .  R e p . ,  I P F C / C 5 l / T e c h .  
1 6 : 1  S u m .
_________________ 1 9 6 1 .  P r o d u c t i o n  o f  b a n g o s  f r y  b y  h a t c h e r y  m e t h o d .  F i n a l  
r e p o r t  o n  t h e  a c t i v i t i e s  a n d  a c c o m p l i s h m e n t s  o f  t e r m i n a t e d  
N S D B  P r o j e c t  2 . 2 . 3  f o r  t h e  p e r i o d  o f  J a n u a r y  6 t o  A u g u s t  1 0 ,  1 9 6 1 .
B u r e a u  o f  F i s h e r i e s  a n d  A q u a t i c  R e s o u r c e s .  1 9 7 4 .  M a n u f a c t u r e  o f  
s m o k e d  b a n g o s .  M i m e o g r a p h e d .
1 9 7 4 .  C a n n i n g  o f  b a n g o s .  
M i m e o g r a p h e d .
B u r g e r ,  D . H .  1 9 3 0 .  T h e  s a l t w a t e r  p o n d s  i n  t h e  P a t i  r e g e n c y  
( i n  D u t c h ) .  K o l n .  T i j d s c h .  A m s t e r d a m ,  1 9 ( 4 ) :  4 0 2 .
C a m a c h o ,  A . S .  1 9 7 5 .  B a n g o s  n u t r i t i o n  s t u d i e s .  N a t i o n a l  B a n g o s  
S y m p o s i u m ,  P h i l i p p i n e s :  9 7 - 1 0 5 .
C a r a n d a n g ,  F . L .  1 9 7 5 .  C o s t  o f  a n d  r e t u r n s  f r o m  b a n g o s  p r o d u c t i o n  b y  
s i z e  o f  f a r m  a n d  t y p e  o f  c l i m a t e .  S a m e  a s  a b o v e :  1 4 7 - 1 5 4 ,  f i g .
C a r b i n e ,  W . F .  1 9 4 8 .  B a n g o s  c u l t u r e  i n  t h e  P h i l i p p i n e s .  P r o g .  F i s h .  
C u l t . ,  1 0 ( 4 ) :  1 8 7 - 1 9 8 ,  f i g s .
C a r l s s o n ,  D .  1 9 7 4 .  C h a n o s  c h a n o s  ( F o r s k a l ) .  F A O  s p e c i e s  i d e n t i f i c a t i o n  
s h e e t s .  E a s t e r n  I n d i a n  O c e a n  a n d  W e s t e r n  C e n t r a l  P a c i f i c ,
1 :  C H A N  c h a n .  1 .
C e y l o n ,  D e p a r t m e n t  o f  F i s h e r i e s .  1 9 7 2 .  S t a t u s  a n d  p r o b l e m s  o f  c o a s t a l  
a q u a c u l t u r e  i n  C e y l o n  ( i n  c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  
r e g i o n ) .  F A C  a n d  F i s h i n g  N e w s  ( B o o k s )  L t d . ,  L o n d o n :  i - x i i i ,  
1 - 4 9 5 ,  f i g s .
C h a c k o ,  P . I .  1 9 4 2 .  A . n o t e  o n  r e a r i n g  a n d  l a r v a e  o f  m i l k f i s h  C h a n o s  



















































C h a c k o ,  P . I .  1 9 4 5 .  O n  t h e  f o o d  a n d  a l i m e n t a r y  c a n a l  o f  t h e  m i l k f i s h ,  
C h a n o s  c h a n o s  ( F o r s k a l ) .  C u r r .  S c i .  I n d i a ,  1 4 ( 9 ) :  2 4 2 - 2 4 9 .
_______________  1 9 4 8 .  D e v e l o p m e n t  o f  f i s h e r i e s  o f  t h e  P e r i y a r  L a k e .  
P r o c .  3 5 t h  I n d .  S c i .  C o n g . ,  3 :  2 0 4 - 2 0 5 .
_________________ 1 9 4 9 .  F o o d  a n d  f e e d i n g  h a b i t s  o f  t h e  f i s h e s  o f  t h e  G u l f  
o f  M a n a a r .  P r o c .  I n d .  A c a d .  S c i . ,  2 8 ( 1 3 ) :  8 3 - 9 7 .
_________________ 1 9 4 9 .  N u t r i t i o n  o f  t h e  y o u n g  s t a g e s  o f  e s t u a r i n e  f i s h e s  o f  
M a d r a s .  S c i .  a n d  C u l t . ,  I n d i a ,  1 5 :  3 2 - 3 3 .
_________________ 1 9 5 0 .  M a r i n e  p l a n k t o n  f r o m  w a t e r s  a r o u n d  t h e  K r u s a d a l  
I s l a n d .  P r o c .  I n c .  A c a d .  S c i e . ,  3 1 ( 3 ) :  1 6 2 - 1 7 4 .
C h a c k o ,  P . I .  a n d  S .  M a h a d e v a n .  1 9 5 6 .  C o l l e c t i o n  a n d  c u l t u r e  o f  m i l k f i s h ,  
C h a n o s  c h a n o s  ( F o r s k a l )  i n  a n d  a r o u n d  K r u s a d i  a n d  R a m e s w a r a n  
I s l a n d s ,  w i t h  n o t e s  o n  i t s  b i o l o g y .  M a d r a s  F i s h .  S t a .  R e p .  
Y e a r b . : 1 4 5 - 1 5 4 .
C h a n g ,  T . P .  1 9 6 9 .  A l g a e  o f  T a i w a n  m i l k f i s h  p o n d s .  C h i n e s e - A m e r i c a n  
J o i n t .  C o .  R u r a l  R e c o n s t .  F i s h .  S e r . ,  7 :  9 1 - 1 3 5 ,  f i g .
C h e n ,  H . C . 1 9 7 1 .  T h e  s t u d y  o f  m i l k f i s h  p o n d  -  I .  E f f e c t  o f  p H  v a l u e  
a n d  s a l i n i t y  o n  t h e  g r o w t h  o f  b e n t h i c  a l g a e  ( i n  C h i n e s e  w i t h  
E n g l i s h  s u m m a r y ) .  A q u i c u l t u r e ,  1 ( 2 ) :  1 - 1 1 ,  f i g s .  1 - 1 1 .
C h e n ,  H . P .  1 9 7 1 .  L i s t  o f  r e f e r e n c e s  o n  m i l k f i s h ,  C h a n o s  c h a n o s  ( F o r s k a l )  
( C h i n e s e  a n d  E n g l i s h ) .  A q u i c u l t u r e ,  1 ( 4 ) :  2 3 - 2 .
C h e n ,  T . P .  1 9 5 2 .  M i l k f i s h  c u l t u r e  i n  T a i w a n .  C h i n e s e - A m e r i c a n  J o i n t  
C o m .  R u r a l  R e c o n s t .  F i s h  S e r . ,  1 :1 7 .
_________________1 9 7 0 .  S t a t u s  a n d  p r o b l e m s  o f  c o a s t a l  a q u a c u l t u r e  i n  T a i w a n  
( i n  c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  r e g i o n ) .  F A O  a n d  
F i s h i n g  N e w s  ( B o o k s )  L t d . , L o n d o n :  i - x i i i ,  1 - 4 9 7 ,  f i g s .
_________________1 9 7 0 .  F e r t i l i z a t i o n  a n d  f e e d i n g  i n  c o a s t a l  f a r m s  i n  T a i w a n .  
T h e  s a m e  b o o k .
C h e n g ,  P . S .  a n d  o t h e r s .  1 9 5 5 .  F i s h e s  o f  t h e  Y e l l o w  S e a  a n d  P o h a i ,  
C h i n a  ( i n  C h i n e s e ) .  S c i .  P u b l . ,  P e k i n g :  1 - 3 6 0 ,  f i g s .  1 - 2 0 6 .
C h e v e y ,  P .  1 9 3 4 .  R e v i s i o n  s y n o n u m i q u e  d e  l ' o e v r e  i c h t h y o l o g i q u e  d e  



















































C h i d a m b a r a m ,  K .  1 9 4 6 .  V a r i a t i o n s  i n  t h e  r a t e  o r  g r o w t h  o f  t h e  
m i l k f i s h  C h a n o s  c h a n o s  ( F o r s k a l ) .  N a t u r e ,  1 5 7  ( 3 9 8 6 ) :  3 7 5 .
C h i n g ,  S . T .  1 9 6 3 .  M i l k f i s h  c u l t u r e  ( i n  C h i n e s e ) .  T a i w a n  F i s h .  R e s .  
I n s t .  P a m p h l e t ,  1 :  1 - 2 6 .  f i g s .
C l a r k ,  E .  a n d  o t h e r s .  1 9 6 8 .  O b s e r v a t i o n s  o n  a  c o a s t a l  f i s h  c o m m u n i t y ,  
D a h l a k  A r c h i p e l a g o ,  R e d  S e a .  S e a  F i s h .  R e s .  S t a . ,  H a i f a ,  
B u l l . , , 4 9 :  1 5 - 3 1 ,  f i g s .
C o b b ,  J . N .  1 9 0 5 .  T h e  a q u a t i c  r e s o u r c e s  o f  t h e  H a w a i i a n  I s l a n d s .  
T h e  C o m m e r c i a l  F i s h e r i e s .  B u l l .  U . S .  F i s h .  W i l d l .  S e v .  
2 3 ( 2 ) :  7 1 5 - 7 6 5 .
D a n g ,  L . V .  1 9 6 1 .  P r e s e n t  s t a t u s  o f  r e s e a r c h  a n d  d e v e l o p m e n t  i n  
c o n n e c t i o n  w i t h  t h e  c h a n o s  f i s h e r i e s  i n  V i e t n a m .  I n d o .  P a c .  
F i s h .  C o u n .  T e c h .  R e p .  6 ( 2 3 ) :  1 - 6 .
D a y ,  A . L .  1 9 1 5 .  D i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e  c u l t u r e  o f  t h e  b a n g o s  
o r  m i l k f i s h  i n  Z a m b a l e s  P r o v i n c e .  P h i l .  J o u r n .  S c i . ,  1 0 :  
3 0 7 - 3 1 8 .
D a y ,  F .  1 9 7 5 - 7 8 .  T h e  f i s h e s  o f  I n d i a ,  b e i n g  a  n a t u r a l  h i s t o r y  o f  t h e  
f i s h e s  k n o w n  t o  i n h a b i t  t h e  s e a s  a n d  f r e s h  w a t e r s  o f  I n d i a ,  
B u r m a  a n d  C e y l o n .  W i l l i a m  D a w s o n  S o n s  L t d . ,  L o n d o n :  
7 7 8  p p . ,  A t l a s .
_________________ 1 8 8 9 .  T h e  f a u n a  o f  B r i t i s h  I n d i a .  L o n d o n ,  V o l .  1 ( 5 4 8  p p . )  
a n d  V o l .  2  ( 5 0 9  p p . ) .
D e  L e o n ,  A .  1 9 7 4 .  C o m p a r a t i v e  s t u d y  o n  l u m u t  a n d  p l a n k t o n  a s  p r i m a r y  
f o o d  f o r  b a n g o s  c u l t u r e .  A  r e p o r t  o n  t h e  p r a c t i c e - a n d - i n d u s t r y  
t r a i n i n g  i n  f i s h  c u l t u r e .  A  t h e s i s  s u b m i t t e d  t o  C o l l e g e  o f  F i s h e r i e s ,  
U n i v e r s i t y  o f  t h e  P h i l i p p i n e s .
D e l m e n d o ,  M . N .  1 9 7 2 .  T h e  s t a t u s  o f  f i s h  s e e d  p r o d u c t i o n  i n  t h e  
P h i l i p p i n e s .  ( i n  c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  r e g i o n ) .  
F A O  a n d  F i s h i n g  N e w 3  ( B o o k s )  L t d . ,  L o n d o n :  i - x i i i ,  1 - 4 9 7 ,  f i g s .
D e l m e n d o ,  M . N .  a n d  H . C .  A n g e l e s .  1 9 6 9 .  S o m e  o b s e r v a t i o n s  o n  t h e  
f i s h e r i e s  o f  N a u j a n  L a k e  a n d  r e c o m m e n d a t i o n s  f o r  t h e i r  
c o n s e r v a t i o n  a n d  m a n a g e m e n t .  I n d o  P a c .  F i s h .  C o u n .  O c c .  
P a p . ,  9 :  1 - 1 7 ,  f i g .
D e l m e n d o ,  M . N .  a n d  R . N .  B a s t i l l o .  1 9 6 9 .  S t u d i e s  o n  f i s h  p r o d u c t i o n  
o f  L a g u n a  d e  B a y .  I n d o  P a c .  F i s h .  C o u n .  O c c .  P a p . ,  1 2 :  



















































D e l m e n d o ,  M . N .  a n d  R . H .  G e d n e y .  1 9 7 4 .  F i s h  f a r m i n g  p e n s .  A  n e w  
f i s h e r y  b u s i n e s s  i n  L a g u n a  d e  B a y .  L a g u n a  L a k e  D e v e l o p m e n t  
A u t h o r i t y ,  T e c h .  P a p . ,  2 :  7  s e c t i o n s ,  f i g s .
D e l m e n d o ,  M . N .  a n d  o t h e r s .  1 9 7 1 .  C o n s t r u c t i o n  f o r  a q u a c u l t u r e .  
P r o c .  I n d o  P a c .  F i s h .  C o u n .  X I V  S e s s .  2 :  3 0  p p .
D e l s m a n ,  H . C .  1 9 2 5 .  B r a c k i s h w a t e r  p o n d s  a n d  m a l a r i a  ( i n  D u t c h ) .  
T r o p .  N a t u u r ,  1 :  6 - 9 .
_________________ 1 9 2 5 .  M a r i n e  f i s h  i n  p o n d s  ( i n  D u t c h ) .  T r o p .  N a t u u r ,  5  p p .
_________________ 1 9 2 6 .  F i s h  e g g s  a n d  l a r v a e  f r o m  t h e  J a v e  S e a .  T r e u b i a ,  
8 ( 3 - 4 ) :  4 0 0 - 4 1 2 .
_________________ 1 9 2 9 .  T h e  s t u d y  o f  p e l a g i c  f i s h - e g g s .  F o u r t h  P a c .  S c i .  
C o n g .  B a t a v i a  a n d  B a n d u n g :  7  p p .
_________________ 1 9 2 9 .  F i s h  e g g s  a n d  l a r v a e  f r o m  t h e  J a v a  S e a .  T r e u b i a ,  
1 1 :  2 7 5 - 2 8 6 ,  K g s .
_________________ 1 9 3 9 .  C h a n o s  c h a n o s  ( d e  b a n d e n g ) .  T r o p .  N a t u u r ,  
2 1 ( 3 ) :  5 2 9 - 5 4 0 .  ( i n  D u t c h ) .
D a v a n e s a n ,  D . W .  a n d  P . I .  C h a c k o ,  1 9 4 4 .  C u l t i v a t i o n  o f  m i l k f i s h  i n  
K r u s a d a l  I s l a n d s .  P r o c .  3 1 s t  I n d i a n  S c i .  C o n g . ,  C a l c u t t a ,  
3 ( 2 ) :  1 0 8 .
D j a i n g s a s t r o ,  A .  1 9 5 7 .  " P a d d y - c u m - m i l k f i s h "  c u l t u r e ,  a  c r e a t i o n  f r o m  
t h e  l o w - l a n d  o f  S o l o  R i v e r .  I n d o  P a c .  F i s h .  C o u n .  T e c h .  R e p . ,  3 8 .
D j a j a d i r e d j a ,  R . R .  1 9 6 0 .  P r e l i m i n a r y  r e p o r t  o n  t r a n s p o r t a t i o n  o f  c h a n o s  
f i n g e r l i n g s  w i t h  a e r a t i n g  s y s t e m .  P r o .  I n d o .  P a c .  F i s h .  C o u n .  
V I I I  S e s . ,  2 :  1 - 8 .
D j a j a d i r e d j a ,  R . R .  a n d  A .  P o e r n o m o .  1 9 7 1 .  R e q u i r e m e n t s  f o r  s u c c e s s f u l  
f e r t i l i z a t i o n  i n  i n c r e a s i n g  m i l k f i s h  p r o d u c t i o n .  P r o .  I n d o .  P a c .  
F i s h .  C o u n .  X I V  S e s .  3 :  1 6  p p .
D j a j a d i r e d j a ,  R . R .  a n d  S u h a r d i .  1 9 7 0 .  E x p l o i t a t i o n  o f  n e w  c h a n o s  f r y  
r e s o u r c e s ,  a  t r i a l  f o r  o v e r c o m i n g  s e e d  s h o r t a g e  i n  J a v a .  : 1 7 3 - 1 8 1 .
D o m a n t y ,  J . S .  1 9 4 0 .  T h e  f i s h e r y  i n d u s t r y  i n  Z a m b o a n g a .  P h i l .  J o u r n .  



















































D u r a n d ,  J .  1 9 5 0 .  T h e  c u l t u r e  o f  C h a n o s  c h a n o s  a l o n g  t h e  c o a s t s  o f  
A n n a m  ( i n  F r e n c h ) .  P r o c .  C o n f .  F i s h  P r o d .  O v e r s e a s  F r e n c h  
U n i o n ,  M a r s e i l l e .
D u r v e ,  V . S .  1 9 6 8 .  S o m e  o b s e r v a t i o n s  o n  t h e  c o n d i t i o n e d  r e s p o n s e  i n  
t h e  f i n g e r l i n g s  o f  t h e  m i l k f i s h ,  C h a n o s  c h a n o s  ( F o r s k a l ) .  P r o c .  
I n d i a n  A c a d .  S c i . ,  6 8 :  6 9 - 7 8 ,  3  f i g s .
D u r v e ,  V . S .  a n d  K .  G e o r g e .  1 9 6 8 .  S o m e  p h y s i o l o g i c a l  o b s e r v a t i o n s  o n  
t h e  f r y  o f  C h a n o s  c h a n o s  ( F o r s k a l )  f o r  t h e i r  t r a n s p o r t  i n  p l a s t i c  
c o n t a i n e r s .  I n d .  J o u r n .  F i s h . ,  1 0 ( 4 ) :  1 - 1 0 .
E s g u e r r a ,  R . S .  1 9 5 1 .  E n u m e r a t i o n  o f  a l g a e  i n  P h i l i p p i n e  b a n g o s  
f i s h p o n d s  a n d  i n  t h e  d i g e s t i v e  t r a c t  o f  t h e  f i s h  w i t h  n o t e s  o n  
c o n d i t i o n s  f a v o r a b l e  f o r  t h e i r  g r o w t h .  P h i l .  J o u n .  F i s h . ,  
1 ( 2 ) :  1 7 1 - 1 9 2 .
E s g u e r r a ,  R . S .  a n d  M . N .  N e p o m u c e n o .  1 9 5 2 .  S t u d i e s  o n  t h e  r a t e  o f  
g r o w t h  o f  m i l k f i s h  o r  b a n g o s ,  C h a n o s  c h a n o s  ( F o r s k a l )  u n d e r  
c u l t i v a t i o n .  P r o c .  I n d o .  P a c .  F i s h .  C o u n c .  I V  S e s .  2 :  1 7 1 - 1 8 0 .
E v a n g e l i n e ,  G .  1 9 6 7 .  C h a n o s  c u l t u r e  i n  t h e  b r a c k i s h w a t e r  f i s h  f a r m ,  
A d y a r .  M a d r a s  J o u r n .  F i s h . ,  3 :  6 8 - 1 1 5 .
F e l i x ,  S . S .  1 9 5 9 .  R e p o r t  o n  t h e  c e n s u s  o f  b a n g o s  c a u g h t  w i t h  a l l  k i n d s  
o f  f i s h i n g  g e a r s  a s  b a s i s  f o r  p r e l i m i n a r y  s u r v e y  o f  t h e  b a n g o s  
f i s h e r i e s  o f  L a g u n a  d e  B a y .  P h i l .  F i s h .  G a z . ,  M a n i l a ,  3 1 8 :  
1 5 - 2 7 ,  a n d  7 .
_________________ 1 9 7 3 .  B a n g o s  c u l t u r e  i n  f i s h p e n s .  B u r e a u  o f  F i s h e r i e s  
a n d  A q u a t i c  R e s o u r c e s ,  P h i l i p p i n e s :  2 3  p p .
_________________ 1 9 7 5 .  B a n g o s  p e n  c u l t u r e  a n d  o p e r a t i o n s .  N a t i o n a l  B a n g o s  
S y m p o s i u m ,  P h i l i p p i n e s : 1 0 6 - 1 2 4 .
F o r s k a l ,  P .  1 7 7 5 .  D e s c r i p t i o n e s  A n i m a l i u m ,  A v i u m ,  A m p h i b i o r u m ,  
P i s c i u m ,  I n s e c t o r u m ,  V e r m i u n ;  q u a e  i n  I t i n e r e  O r i e n t a l i  o b s e r v a i t  
P e t r u s  F o r s k a l  -  H a u r i a e  p o s t m o r t e m  a u c t o r i s  e d i d i t  c a r s t e n  
N i e b u h r :  2 0 / 3 4 / 1 6 4  p p .
F o u r m a n o i r ,  P .  1 9 5 7 .  P o i s s o n s  t e l e o s t e e n s  d e s  e a u x  M a l g a c h e s  d u  
c a n a l  d e  M o z a m b i q u e .  M e m .  I n s t .  S c i .  M a d a g a s c a r ,  F ,  1 :  
1 - 3 1 6 ,  1 9 5  f i g s .
F o w l e r ,  H . W . 1 9 2 8 .  F i s h e s  o f  O c e a n i a .  M e m .  B . P .  B i s h o p  M u s . ,  



















































F o w l e r ,  H . W .  1 9 4 0 .  C o n t r i b u t i o n  t o  t h e  b i o l o g y  o f  t h e  P h i l i p p i n e  
A r c h i p e l a g o  a n d  a d j a c e n t  r e g i o n s .  T h e  f i s h e s  o f  t h e  g r o u p s  
E l a s m o b r a n c h i i ,  H o l o c e p h a l i ,  I s o s p o n d y l i  a n d  O s t a r i o p h y s i  
o b t a i n e d  b y  t h e  U n i t e d  S t a t e s  B u r e a u  o f  F i s h e r i e s  S t e a m e r  
" A l b a t r o s s "  i n  1 9 0 7 - 1 9 1 0 ,  c h i e f l y  i n  t h e  P h i l i p p i n e  I s l a n d s  a n d  
a d j a c e n t  s e a s .  U . S .  N a t .  M u s .  N a t .  H i s t .  B u l l . ,  1 0 0 :  1 - 8 2 0 ,  
3 0  f i g s .
_________________ 1 9 5 6 .  F i s h e s  o f  R e d  S e a  a n d  s o u t h e r n  A r a b i a .  V o l .  1 .  
W e i z m a n n  S c i .  P r e s . ,  I s r a e l :  1 - 2 2 3 ,  1 1 5  f i g s .
F r a n z ,  V .  1 9 1 0 .  D i e  J a p a n i s c h e n  K n o c h e n  f i s c h e  d e r  S a m m l u n g e n  
H a b e r e r  u n d  D o f l e i n .  K l a s .  K .  B a y e r  A k a d .  W i s s . ,  
4 :  1 - 1 3 5 ,  1 1  p l s .
F r e y ,  D . G .  1 9 4 7 .  T h e  p o n d  f i s h e r i e s  o f  t h e  P h i l i p p i n e s .  S e a r s  F o u n d .  
M a r i n e  R e s . ,  N e w  H a v e n ,  4 ( 3 ) :  2 4 7 - 2 5 8 .
F u j i i ,  E .  1 9 7 4 .  B i o l o g i c a l  S t u d i e s  o n  t h e  f i s h e s  s t r a n d e d  o n  t h e  M i h o  
B e a c h ,  S u r u g a  B a y .  T h e s i s  s u b m i t t e d  t o  T o k a i  U n i v e r s i t y ,  
F i s h e r i e s  D e p a r t m e n t . ( i n  J a p a n e s e ) .
G a n a p a t i ,  S . V .  a n d  o t h e r s .  1 9 5 0 .  O n  t h e  a c c l i m a t i z a t i o n ,  t r a n s p o r t  a n d  
c u l t u r e  o f  s o m e  s a l t w a t e r  f i s h e s  i n  i n l a n d  w a t e r s  o f  t h e  M a d r a s  
S t a t e .  I n d .  G e o g r .  J o u r n . , 2 5 ( 2 ) :  1 - 1 5 .
G a r c i a ,  D . M .  1 9 6 0 .  O b s e r v a t i o n s  o n  t h e  u s e  o f  p l a s t i c  b a g s  f o r  
t r a n s p o r t i n g  b a n g o s  f i n g e r l i n g s .  F i s h  G a z e t t e ,  U n i v .  P h i l i p p i n e s .  
C o l .  F i s h . ,  4 ( 1 2 ) :  1 2 - 1 6 .
G a t u s ,  A . R .  1 9 7 5 .  B a n g o s  r e a r i n g  e x p e r i m e n t s  a t  t h e  B u r e a u  o f  
F i s h e r i e s  a n d  A q u a t i c  R e s o u r c e s  n e t w o r k .  N a t i o n a l  B a n g o s  
S y m p o s i u m ,  P h i l i p p i n e s : 7 5 - 8 5 .
G o o s s e n s ,  H . J .  1 9 3 6 .  P a r c e l l i n g  o f  b r a c k i s h w a t e r  p o n d s  i n  t h e  r e s o r t  
T e g a l  o f  t h e  I n l a n d  F i s h e r i e s  S e r v i c e  ( i n  D u t c h ) .  L a n d b o u w ,  
B u i t e n z o r g :  1 2 ( 4 ) :  1 9 1 - 2 0 1 .
G o p a l a k r i s h n a n ,  V .  1 9 7 2 .  T a x o n o m y  a n d  b i o l o g y  o f  t r o p i c a l  f i n f i s h  f o r  
c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  r e g i o n  ( i n  c o a s t a l  
a q u a c u l t u r e  i n  I n d o - P a c i f i c  r e g i o n ) .  F A O  a n d  F i s h i n g  N e w s  
( b o o k s )  L t d . ,  L o n d o n :  i - x i i i ,  1 - 4 9 7 ,  f i g s .
G o s l i n e ,  W . A .  1 9 7 1 .  F u n c t i o n a l  m o r p h o l o g y  a n d  c l a s s i f i c a t i o n  o f  
t e l e o s t e a n  f i s h e s .  U n i v e r s i t y  o f  H a w a i i  P r e s s :  i - i x ,  1 - 2 0 8 ,  
2 9  f i g s .
G o s l i n e ,  W .  A .  a n d  V . E .  B r o c k .  1 9 6 5 .  H a n d b o o k  o f  H a w a i i a n  f i s h e s .  



















































G r a n t ,  U . N .  1 9 7 2 .  G u i d e  t o  f i s h e s .  Q u e e n l a n d  G o v e r n m e n t :  i - x x i v ,  
1 - 4 7 2 ,  f i g s .
G r a y ,  W . N .  1 9 7 4 .  T h e  f i s h e s  o f  t h e  S o l o m o n  I s l a n d .  P t .  1 :  T h e  
f r e s h  a n d  b r a c k i s h w a t e r  f i s h e s  o n  G u a d a c a n a l .  S o l o m o n  I s .  
M u s .  A s s o c . :  1 - 4 5 ,  f i g s .
G u n t h e r ,  A .  1 8 6 8 .  A  c a t a l o g u e  o f  t h e  f i s h e s  i n  t h e  B r i t i s h  M u s e u m .  
V o l .  7 :  5 1 2  p p .
G u s h i k e n ,  M .  1 9 7 3 .  F i s h e s  o f  t h e  O k i n a w a  i s l a n d s  ( i n  J a p a n e s e )  
R y u k y u  F i s h .  A s s o c .  N a w a :  1 - 2 5 1 ,  f i g s .
H a l l ,  H . T . B .  1 9 4 9 .  F i s h  c u l t u r e  i n  p o n d s .  A g r .  J o u r n . ,  F i j i ,  
2 0 ( 2 ) :  5 8 - 6 0 .
H a r d e n b e r g ,  J . D . F .  1 9 4 1 .  F i s h e s  o f  N e w  G u i n e a .  T r e u b i a ,  1 8 ( 2 ) :  
2 1 7 - 2 3 1 ,  4  f i g s .
_________________ 1 9 5 3 .  C h a n o s  c h a n o s ,  s o m e  n o t e s  o n  i t s  a n a t o m y  a n d  
p h y s i o l o g y .  I n d o ,  P a c .  F i s h .  C o u n c .  S p e c .  P u b l .  2 :  4 4 - 5 0 .
H e n d r i c k s o n ,  J . R .  1 9 6 9 .  A r t i f i c i a l  c u l t u r e  o f  m i l k f i s h  a n d  m u l l e t .  
S o m e  l i m i t a t i o n s  o n  t h e  a r t  o f  p r e s e n t .  P a c .  S c i .  A s s o c .  
S y m p o s i u m ,  K u a l a  L u m p u r :
H e r r e ,  A . W .  1 9 3 6 .  F i s h e s  o f  t h e  C r a n e  P a c i f i c  E x p e d i t i o n .  F i e l d  
M u s .  N a t .  H i s t o .  Z o o l .  s e r ,  2 1 :  1 - 4 7 2 ,  4 3  f i g s .
_________________ 1 9 4 8 .  E n g l i s h  a n d  l o c a l  c o m m o n  n a m e s  o f  P h i l i p p i n e  f i s h e s .  
U . S .  F i s h .  W i l d l .  S e r v . ,  C i r . ,  1 4 :  1 - 1 2 8 .
_________________ 1 9 5 3 .  C h e c k l i s t  o f  P h i l i p p i n e  f i s h e s .  U . S .  F i s h .  W i l d l .  
S e v . ,  2 0 :  1 - 9 7 7 .
H e r r e ,  A . W .  a n d  J .  M e n d o z a .  1 9 2 9 .  B a n g o s  c u l t u r e  i n  t h e  P h i l i p p i n e  
I s l a n d s .  P h i l .  J o u r n .  S c i . ,  3 8 ( 4 ) :  4 5 1 - 5 0 9 ,  1 6  p l s . ,  6  f i g s .
H i a t t ,  R . W . 1 9 4 4 .  F o o d  c h a i n s  a n d  f o o d  c y c l e  i n  H a w a i i a n  f i s h p o n d s .  
P t .  1 .  T h e  f o o d  a n d  f e e d i n g  h a b i t s  o f  m u l l e t  ( M u g i l  c e p h a l u s )  
m i l k f i s h  ( C h a n o s  c h a n o s ) a n d  t h e  t e n - p o u n d e r  ( E l o p s  m a c h i n a t a ) .  
P t .  2 .  B i o t i c  i n t e r - a c t i o n .  T r a n s .  A m .  F i s h .  S o x . ,  7 4 :  



















































H i c k l i n g ,  C . F .  1 9 4 8 .  F i s h  f a r m i n g  i n  t h e  M i d d l e  a n d  F a r  E a s t .  
N a t u r e ,  1 6 1 :  7 4 8 - 7 5 0 .
_________________ 1 9 6 2 .  F i s h  c u l t u r e .  F a b e r  a n d  F a b e r ,  L o n d o n ,  1 - 2 9 5 ,  
6 6  f i g s .
H o e k s ,  B . M .  1 9 4 8 .  S a n i t a t i o n  o f  s h o r e  a r e a s  b y  m e a n s  o f  h y g i e n i c  
o p e r a t i o n  o f  b r a c k i s h w a t e r  p o n d s  ( in . D u t c h ) .  S e r .  B i e n n e n v i s s e r i j ,  
B a t a v i a ,  1 8 :  1 - 1 0 .
H o f s t e d e ,  A . E .  1 9 4 8 .  O n  I n d o n e s i a n  I n l a n d  f i s h e r i e s .  O n d e r a f a d e l i n g  
B i n n e n v i s s e r i j ,  B a t a v i a ,  M e d e d e l ,  2 2 :  1 - 2 3 .
H o r a ,  S . L .  a n d  T . V . R .  P i l l a y ,  1 9 6 2 .  H a n d b o o k  o n  f i s h  c u l t u r e  i n  t h e  
I n d o - P a c i f i c  r e g i o n .  F A O  F i s h .  B i o l .  T e c h .  R e p . ,  1 4 :  i - v i i ,  
1 - 2 0 4 .
H u b b s ,  C . L .  1 9 2 0 .  A  c o m p a r a t i v e  s t u d y  o f  t h e  b o n e s  f o r m i n g  t h e  
o p e r c u l a r  s e r i e s  o f  f i s h e s .  J o u r n .  M o r p h . ,  3 3 ( 1 ) :  6 1 - 7 1 .
H y r t l ,  J .  1 8 6 3 .  U b e r  b e s o n d e r e  E i g e n t h u m l i c h k e i t e n  d e r  K i e m e n  u n d  
d e s  S k e l e t t e s ,  u n d  u b e r  d a s  e p i g o n a l e  K i e m e n o r g a n  v o n  L u t o d e i r a  
c h a n o s . D e n k .  K a i s .  A k a d .  W i s s e n . ,  M a t h - N a t .  2 1 :  1 - 1 0 .
I n d i a n  C o u n c i l  o f  A g r i c u l t u r a l  R e s e a r c h .  1 9 5 0 .  P r o g r e s s  R e p o r t .  M a d r a s  
r u r a l  p i s c i c u l t u r a l  s c h e m e .  M a d r a s  G o v e r n m e n t  P r e s s :  7 5  p p .
I v e r s e n ,  E . S .  1 9 6 8 .  F a r m i n g  t h e  e d g e  o f  t h e  s e a .  F i s h i n g  N e w s  
( B o o k s )  L t d . ,  L o n d o n :  1 - 3 0 1 ,  1 5 8  f i g s .
J a a g e r ,  C . J .  d e  a n d  L .  P a b a t ,  v a n .  1 9 0 3 .  R e p o r t  o n  t h e  f i s h p o n d s  i n  
J a v a  a n d  M a d u r a  ( i n  D u t c h ) .  G o v e r n m e n t  P r i n t e r :  1 5 0  p p .
J a m a n d r e ,  T .  J r .  a n d  H . R .  R a b a n a l .  1 9 7 5 .  E n g i n e e r i n g  a s p e c t s  o f  
b r a c k i s h w a t e r  a q u i c u l t u r e  i n  t h e  S o u t h  C h i n a  S e a  r e g i o n .  S o u t h  
C h i n a  S e a  F i s h .  D e v e l o p .  C o r d i n a .  P r o g r . ,  M a n i l a :  1 - 3 7 ,  
a n n e x  1 - 1 7 ,  f i g s .
J h i n g r a n ,  V . G .  1 9 7 5 .  F i s h  a n d  f i s h e r i e s  o f  I n d i a .  H i n d s t a n  P u b .  C o r p .  
I n d i a ,  J a w a h a r  N a g a r :  i - x v ,  1 - 9 5 ,  8 3  f i g s . ,  1 5  p l s .
J h i n g r a n ,  V . G .  a n d  o t h e r s .  1 9 7 2 .  O b s e r v a t i o n s  i n  a  p i l o t  f i s h  f a r m  
i n  l o w e r  S u n d e r b a n s  ( i n  c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  
r e g i o n ) .  F A O  a n d  F i s h i n g  N e w s  ( B o o k s )  L t d . ,  L o n d o n :  i - x i i i ,  



















































J o b ,  S . V .  1 9 5 7 .  T h e  r o u t i n e - a c t i v e  o x y g e n  c o n s u m p t i o n  o f  t h e  m i l k f i s h .  
P r o c .  I n d .  A c a d .  S c i . ,  4 5 ( 6 ) :  3 0 2 - 3 1 3 .
J o b ,  T . J .  a n d  P . I .  C h a c k o .  1 9 4 7 . R e a r i n g  o f  s a l t w a t e r  f i s h  i n  
f r e s h w a t e r s  o f  M a d r a s .  I n d i a n  E c o l . ,  2 ( 1 ) :  1 - 9 .
J o r d a n ,  D . S .  a n d  B . W .  E v e r m a n n .  1 9 0 5 .  T h e  a q u a t i c  r e s o u r c e s  o f  t h e  
H a w a i i a n  I s l a n d s .  T h e  s h o r e  f i s h e s .  B u l l .  U . S .  F i s h .  C o m m . ,  
2 3 :  5 7 4  p p . ,  f i g s .
J o r d a n ,  D . S .  a n d  A . C .  H e r r e .  1 9 0 6 .  A  r e v i e w  o f  t h e  h e r r i n g - l i k e  f i s h e s  
o f  J a p a n .  P r o c .  U . S .  N a t .  M u s . ,  3 1  1 4 9 9 ) :  6 1 3 - 6 4 5 ,  5  f i g s .
J o r d a n ,  D . S .  a n d  R . E .  R i c h a r d s o n .  1 9 0 9 .  A  c a t a l o g  o f  t h e  f i s h e s  o f  
F o r m o s a .  M e m .  C a m .  M u s . ,  4 ( 4 ) :  1 5 9 - 2 0 4 ,  2 0  f i g s . ,  p l s .
J o r d a n ,  D . S .  a n d  A .  S e a l e .  1 9 0 6 .  T h e  f i s h e s  o f  S a m o a .  B u l l .  B u r .  
F i s h . ,  2 5 :  1 7 3 - 4 5 5 ,  f i g s . ,  p l s .
J u l i a n o ,  R . O .  a n d  H . R .  R a b a n a l .  1 9 6 3 .  T h e  t o l e r a n c e  o f  m i l k f i s h  
f i n g e r l i n g s  a n d  f r y ,  C h a n o s  c h a n o s  ( F o r s k a l )  t o  d e c r e a s e s  i n  
s a l i n i t y .  C o p e i a ,  1 9 6 3  ( 1 ) :  1 8 0 - 1 8 1 .
J u l i a n o ,  R . O .  a n d  o t h e r s .  1 9 7 0 .  W e i g h t - l e n g t h  r e l a t i o n s h i p  a n d  g r o w t h  
C h a n o s  c h a n o s  ( F o r s k a l )  g r o w n  i n  f r e s h w a t e r  p o n d s .  N a t .  
A p p l .  S c i .  B u l l . ,  P h i l i p p i n e s ,  2 2 :  1 1 3 - 1 3 1 .
K a f u k u ,  T .  1 9 7 5 .  T h e  m i l k f i s h  a  n e w  s t a r  i n  f i s h  c u l t u r e  ( i n  J a p a n e s e ) .  
S h i z e n ,  1 9 7 5  ( M a y ) :  7 0 - 7 7 ,  f i g s .
K a m i ,  T . K .  a n d  o t h e r s .  1 9 6 8 .  C h e c k l i s t  o f  G u a m  f i s h e s .  
M i c r o n e s i a ,  4 ( 1 ) :  9 5 - 1 3 1 .
K a m o h a r a ,  T .  1 9 5 8 .  A  c a t a l o g u e  o f  f i s h e s  o f  K o c h i  P r e f e c t u r e  ( p r o v i n c e  
T o s a ) ,  J a p a n  ( i n  J a p a n e s e ) .  R e p .  U s a  M a r .  B i o l .  S t . ,  5 ( 1 ) :  1 - 7 6 .
K a m p e n ,  P . N .  v a n .  1 9 0 7 .  T h e  m a r i n e  f i s h p o n d s  i n  t h e  n e i g h b o u r h o o d  
o f  B a t a v i a  ( i n  D u t c h ) .  A n n .  R e p .  D e p t .  A g r . ,  B a t a v i a :  5 6 - 5 8 .
K a p o o r ,  B . G .  1 9 5 4 .  T h e  p h a r y n g e a l  o r g a n  a n d  i t s  a s s o c i a t e d  s t r u c t u r e  
i n  t h e  m i l k f i s h ,  C h a n o s  c h a n o s  ( F o r s k a l ) .  J o u r n .  Z o o l .  S o c .  I n d i a ,  
6 :  5 1 - 5 8 ,  f i g s .  1 - 5 .
K a p o o r ,  B . G .  a n d  R . V .  M i l l e r .  1 9 6 9 .  E p i b r a n c h i a l  o r g a n  i n  l o w e r  
t e l e o s t e a n  f i s h e s  -  A n  e x a m p l e  o f  s t r u c t u r a l  a d a p t a t i o n .  I n t .  



















































K a t o ,  J .  1 9 7 5 .  G u i d e  t o  d e s i g n  a n d  c o n s t r u c t i o n  o f  c o a s t a l  a q u a c u l t u r e  
p o n d .  J a p a n  I n t .  C o o p .  A g e n c y ,  T o k y o :  1 - 7 6 ,  f i g s .
K l a u s e w i t z ,  W .  a n d  J . G .  N i e l s e n .  1 9 6 5 .  O n  F o r s k a l ' s  c o l l e c t i o n  o f  
f i s h e s  i n  t h e  Z o o l o g i c a l  M u s e u m  o f  C o p e n h a g e n .  S p o l i a  Z o o l .  
M u s .  H a u n i . ,  2 2 :  5 - 2 9 ,  3 3  p l s .
K u r o n u m a ,  K .  1 9 6 1 .  A  c h e c k l i s t  o f  f i s h e s  o f  V i e t n a m .  U S O M ,  S a i g o n ,
1 - 6 6 .
K u r o n u m a ,  K .  a n d  M .  Y a m a s h i t a ,  1 9 6 2 .  M i l k f i s h  f r y  i n  e a s t e r n  c o a s t  o f  
V i e t n a m .  J o u r n .  O c e a n o g r .  S o c .  2 0 t h  A n n .  V o l . :  6 7 9 - 6 8 6 ,  f i g s .
K u o ,  C . M .  a n d  o t h e r s .  1 9 7 4 .  A  p r o c e d u r a l  g u i d e  t o  i n d u c e  s p a w n i n g  i n  
g r e y  m u l l e t  ( M u g i l  c e p h a l u s  L . )  A q u a c u l t u r e ,  3 :  1 - 1 4 ,  6  f i g s .
L a c a n i l a o ,  F .  a n d  K a l i k a s a n ,  F .  1 9 7 3 .  H o r m o n e s  a n d  f i s h  p r o d u c t i o n .  
P h i l .  J o u r n .  B i o l . ,  2 ( 2 ) :  4 9 - 5 7 .
L a i ,  Y . S .  1 9 6 6  .  D i g e s t i b i l i t y  o f  p r o t e i n  i n  s o m e  s u p p l e m e n t a r y  f o o d s  
f o r  m i l k f i s h  ( i n  C h i n e s e ) .  C h i n a  F i s h . ,  M o n t h . ,  1 6 8 :  2 - 4 .
L a k e ,  J . S .  1 9 7 1 .  F r e s h w a t e r  f i s h e s  a n d  r i v e r s  o f  A u s t r a l i a .  T h o m a s  
N e l s o n  ( A u s t r a l i a )  L t d . ,  S y d n e y :  1 - 1 6 1 ,  9 6  f i g s .
L e r m a ,  B . E .  1 9 7 5 .  M a r k e t  c h a n n e l s  a n d  m a r k e t i n g  i n f r a s t r u c t u r e  o f  
t h e  b a n g o s  i n d u s t r y .  N a t i o n a l  B a n g o s  S y m p o s i u m ,  P h i l i p p i n e s :  
1 4 1 - 1 4 6 .
L e s a c a ,  R . M .  1 9 7 4 .  C o a s t a l  a q u a c u l t u r e  a n d  e n v i r o n m e n t  i n  t h e  P h i l .  
P r o c .  I n d o .  P a c .  F i s h .  C o u n .  1 5 t h  S e s . ,  2 :  3 7 - 4 4 .
L i a n g ,  J . K .  1 9 6 6 .  E x p e r i m e n t s  o f  m i l k f i s h  s t o c k i n g  r a t e s  ( i n  C h i n e s e ) .  
C h i n a  F i s h . ,  M o n t h . ,  1 7 6 :  2 - 6 .
L i a n g ,  J . K .  a n d  C . Y .  H u a n g .  1 9 7 0 .  M i l k f i s h  p r o d u c t i o n  i n  a  n e w l y  
r e c l a i m e d  t i d a l  l a n d  i n  T h a i l a n d .  I n d o .  P a c . F i s h .  C o u n .  1 4 t h  
S e s .  S y m p . ,  ( 7 ) :  1 - 1 3 .
L i b r e r o ,  A . R .  1 9 7 5 .  S o m e  s o c i o - e c o n o m i c  i s s u e d  i n  t h e  d e v e l o p m e n t  o f  
t h e  b a n g o s  i n d u s t r y .  N a t i o n a l  B a n g o s  S y m p o s i u m ,  P h i l i p p i n e s :  
1 5 5 - 1 6 0 .
L i n ,  H . S .  1 9 6 9 .  S o m e  a s p e c t s  o f  m i l k f i s h  e c o l o g y .  C h i n e s e - A m e r i c a n  



















































L i n ,  S . Y .  1 9 6 8 .  M i l k f i s h  f a r m i n g  i n  T a i w a n  ( a  r e v i e w  o f  p r a c t i c e s  
a n d  p r o b l e m s ) .  F i s h  C u l t .  R e p .  T a i w a n  F i s h .  R e s .  I n s t . ,  
3 :  1 - 6 3 .
_________________ 1 9 7 0 .  S o m e  f u n d a m e n t a l  p r o b l e m s  i n  m i l k f i s h  c u l t u r e  
( i n  C h i n e s e ) .  A q u i c u l t u r e ,  1 ( 1 ) :  6 - 7 .
L i n ,  S . W .  1 9 7 3 .  A  r e v i e w  o f  t h e  s t a t u s  a n d  p r o b l e m s  o f  c o a s t a l  
a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  r e g i o n  ( i n  c o a s t a l  a q u a c u l t u r e  
i n  t h e  I n d o - P a c i f i c  r e g i o n ) .  F A O  a n d  F i s h i n g  N e w s  ( B o o k s )  
L t d . ,  L o n d o n :  i - x i i i ,  1 - 4 9 7 ,  f i g s .
L i n d b e r g ,  G . U .  a n d  M . I .  L e g e z a .  1 9 6 9 .  F i s h e s  o f  t h e  S e a  o f  J a p a n  
a n d  t h e  a d j a c e n t  a r e a s  o f  t h e  S e a  o f  O k h o t s k  a n d  t h e  Y e l l o w  S e a .  
P t .  2 .  T e l e o s t o m i ;  A c i p e n s e r i f o r m e s  t o  P o l y n e m i f o r m e s .  
I s r a e l  P r o g .  S c i .  T r a n s l a t i o n ,  J e r u s a l e m :  i - v i i i ,  1 - 3 8 9 ,  3 2 9  f i g s .
L l o r c a ,  M . N .  a n d  o t h e r s .  1 9 7 4 .  B i o l o g i c a l  a s s e s s m e n t  o f  t h e  f i s h  f r y  
f i s h e r y  ( b a n g o s ,  s h r i m p s ,  e e l s ,  e t c . )  i n  L u z o n ,  V i s a y a s  a n d  
M i n d a n a o .  P h i l .  C o u n .  A g r .  R e s .  P r o g .  R e p o r t ,  F i s h  R e s .  
D i v i s i o n .
L o p e z ,  G . V .  1 9 7 5 .  B a n g o s  n u r s e r y  o p e r a t i o n  i n  t h e  P h i l i p p i n e s .  
N a t i o n a l  B a n g o s  S y m p o s i u m ,  P h i l i p p i n e s :  6 5 - 7 4 .
L u n a ,  Z .  a n d  o t h e r s .  1 9 6 9 .  T h i a m i n a s e  i n  s o m e  s p e c i e s  o f  f i s h ,  c l a m s ,  
a n d  c r u s t a c e a n s  i n  t h e  P h i l i p p i n e s .  P h i l .  J o u n .  S c i . ,  9 7 ( 2 ) :  
1 4 5 - 1 5 1 .
M a c n a e ,  W .  1 9 6 8 .  A  g e n e r a l  a c c o u n t  o f  t h e  f a u n a  a n d  f l o r a  o f  m a n g r o v e  
s w a m p  a n d  f o r e s t s  i n  t h e  I n d o - W e s t  P a c i f i c  r e g i o n .  A d v a .  M a r . 
B i o l . ,  6 :  7 3 - 2 7 0 ,  7 6  f i g s .
M a g n o - O r e j a n a ,  F .  1 9 7 5 .  P o s t - h a r v e s t  o p e r a t i o n s  a n d  p r o d u c t  u t i l i z a t i o n  
s t u d i e s  o n  b a n g o s ,  C h a n o s  c h a n o s  ( F o r s k a l ) .  N a t i o n a l  B a n g o s  
S y m p o s i u m ,  P h i l i p p i n e s :  1 3 2 - 1 3 6 .
M a h a d i ,  N .  1 9 7 1 .  A d d i t i o n  t o  t h e  m a r i n e  f i s h  f a u n a  o f  I r a q .  I r a q  
N a t .  H i s t .  M u s . ,  2 8 :  1 - 4 3 ,  1 - 3 ,  1 6  p l s .
M a l a y s i a  ( F i s h e r i e s  D i v i s i o n ) .  1 9 7 2 .  R e v i e w  o f  t h e  s t a t u s  o f  c o a s t a l  
a q u a c u l t u r e  i n  M a l a y s i a  ( i n  c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o -  
P a c i f i c  r e g i o n ) .  F A O  a n d  F i s h i n g  N e w s  ( B o o k s )  L t d . ,  L o n d o n :  
i - x i i i ,  1 - 4 9 7 ,  f i g s .
M a l o n e ,  T . C .  1 9 6 9 .  P r i m a r y  p r o d u c t i v i t y  i n  a  H a w a i i a n  f i s h p o n d  a n d  
i t s  r e l a t i o n s h i p  t o  s e l e c t e d  e n v i r o n m e n t a l  f a c t o r s .  P a c .  S c i . ,  



















































M a m m e n ,  T . A .  1 9 5 9 .  T r a n s p o r t  o f  f r y  a n d  f i n g e r l i n g s  o f  t h e  m i l k f i s h  
C h a n o s  c h a n o s  ( F o r s k a l ) .  J o u r n .  B o m b a y  N a t .  H i s t o l .  S o c . ,  
6 3 ( 2 ) :  2 9 8 - 3 1 4 .
M a n a c o p ,  P . R .  1 9 7 5 .  S o m e  o b s e r v a t i o n s  o n  t h e  s a b a l o  f i s h i n g  i n  t h e  
P h i l i p p i n e s .  N a t i o n a l  B a n g o s  S y m p o s i u m ,  P h i l i p p i n e s :  3 4 - 5 5 ,  f i g s .
M a r k u s ,  B .  1 9 4 1 .  O n  t h e  m u d  o f  b r a c k i s h w a t e r  p o n d s  ( i n  D u t c h ) .  
L a n d b o u w . ,  B u i t e n z o r g ,  1 7 ( 8 - 9 ) :  8 9 1 - 9 0 0 .
M a r s h a l l ,  N . B .  1 9 5 0 .  F i s h e s  f r o m  t h e  C o c o s - K e e l i n g  I s l a n d .  B u l l .  
R a f .  M u s .  S i n g a p o r e ,  2 2 :  1 6 6 - 2 0 5 ,  f i g . ,  2  p l s .
M a s u d a ,  H .  a n d  o t h e r s .  1 9 7 5 .  C o a s t a l  f i s h e s  o f  s o u t h e r n  J a p a n  
( J a p a n e s e  a n d  E n g l i s h ) .  T o k a i  U n i v .  P r e s s ,  T o k y o :  1 - 3 7 9 ,  f i g s .
M c A l l i s t e r ,  D . E .  1 9 6 8 .  E v o l u t i o n  o f  b r a n c h i o s t e g a l s  a n d  c l a s s i f i c a t i o n  
o f  t e l e o s t e a n  f i s h e s .  B u l l .  N a t .  M u s .  C a n a d a ,  2 2 1 :  i - x i v ,  
1 - 2 3 9 ,  f i g s .
M c H u g h ,  J . L .  a n d  J . E .  F i t c h .  1 9 5 1 .  A n  a n n o t a t e d  l i s t  o f  t h e  c l u p e o i d  
f i s h e s  o f  t h e  P a c i f i c  c o a s t ,  f r o m  A l a s k a  t o  C a p e  S a n  L u k a s ,  
B a j a  C a l i f o r n i a .  C l i f .  F i s h .  G a m e ,  3 7 ( 4 ) :  4 9 1 - 4 9 5 .
M c I n t y r e ,  W .E .  1 9 5 4 .  P h i l i p p i n e  f i s h  c u l t u r e .  S c i .  M o n t h . ,  
7 8 ( 2 ) :  8 6 - 9 3 .
M e n d o z a ,  J .  & A . W . H e r r e .  1 9 2 9 .  B a n g o s  c u l t u r e  i n  t h e  P h i l i p p i n e  
I s l a n d s .  P h i l .  J o u r n .  S c i . ,  3 8 : 4 5 1 - 5 0 9 ,  1 6  p l s .  6  f i g s .
M i l n e ,  P . H .  1 9 7 2 .  F i s h  a n d  s h e l l f i s h  f a r m i n g  i n  c o a s t a l  w a t e r s .  
F i s h i n g  N e w s  ( B o o k s )  L t d . ,  L o n d o n :  1 - 2 0 8 ,  1 5 1  f i g s .
M i s r a ,  K . S .  1 9 5 2 .  A n  a i d  t o  t h e  i d e n t i f i c a t i o n  o f  t h e  f i s h e s  o n  I n d i a ,  
B u r m a  a n d  C e y l o n .  R e c .  I n d .  M u s . ,  5 0 :  3 6 7 - 4 2 2 ,  2 0  f i g s .
M o n t a l b a n ,  H . R .  1 9 4 7 .  O u r  b a n g o s  p o n d  i n d u s t r y .  D e p t .  A g r i .  C o m m .  
N e w s  B u l l . ,  2 ( 3 ) :  5 5 - 5 6 .
M o n t a l b a n ,  H . R . ,  H . R .  R a b a n a l  a n d  D . K .  V i l l a l u z .  1 9 5 1 .  T h e  p r e p a r a ­
t i o n  a n d  m a n a g e m e n t  o f  t h e  b a n g o s  f i s h p o n d  n u r s e r y  i n  t h e  
P h i l i p p i n e s .  P h i l .  J o u r n .  F i s h . ,  1 ( 1 ) :  3 - 3 4 ,  1 0  p l s . ,  8  f i g s .
M o r a n ,  F . G .  1 9 7 2 .  M o d e r n  b a n g o s  p r o d u c e r .  P h i l .  F a r m s  G a r d e n s ,



















































M u l d e r ,  J . J .  1 9 3 3 .  T h e  f i s h e r y  o n  c h a n o s  f r y  a l o n g  t h e  c o a s t  o f  T u b a n  
R e g e n c y  ( i n  D u t c h ) .  V o l k .  S c r e d i e t m e s e n ,  B a t a v i a :  1 1 9 9 - 1 2 0 0 .
M u n r o ,  I . S . R .  1 9 5 5 .  T h e  M a r i n e  a n d  f r e s h w a t e r  f i s h e s  o f  C e y l o n .  
D e p t .  E x t .  A f f .  C a n b e r r a :  1 - 3 5 1 ,  1 9  f i g s . ,  5 6  p l s .
_________________ 1 9 5 7 .  H a n d b o o k  o f  A u s t r a l i a n  f i s h e s .  N o .  6 .  F i s h .  
N e w s l e t . ,  S y d n e y ,  1 5 ( 1 2 ) :  2 5 - 2 8 ,  f i g s .
_________________ 1 9 5 8 .  T h e  f i s h e s  o f  t h e  N e w  G u i n e a  r e g i o n .  T e r .  P a p u a ,  
N e w  G u i n e a ,  F i s h ,  B u l l . ,  1 : 9 7 - 3 0 9 ,  f i g s .
_________________ 1 9 6 7 .  T h e  f i s h e s  o f  N e w  G u i n e a .  D e p t .  A g r .  S t o c k .  
F i s h .  P o r t  M o r e s b y :  i - x x x v i i ,  1 - 6 5 1 ,  f i g s . ,  8 4  p l s .
N a s h ,  C . E .  a n d  K u o ,  C . M .  1 9 7 5 .  H y p o t h e s i s  f o r  p r o b l e m s  i m p e d i n g  
t h e  m a s s  p r o p a g a t i o n  o f  g r e y  m u l l e t  a n d  o t h e r  f i n f i s h .  
A q u a c u l t u r e ,  5 :  1 1 9 - 1 3 3 ,  3  f i g s .
N e l s o n ,  J . J .  1 9 6 9 .  I n f r a o r b i t a l  b o n e s  a n d  t h e i r  b e a r i n g  i n  t h e  
p h y l o g e n y  a n d  g e o g r a p h y  o f  o s t e o g l o s s i f o r m  f i s h .  A m .  M u s .  
N o v . ,  2 3 9 4 :  1 - 3 7 ,  2 2  f i g s .
_________________ 1 9 6 9 .  G i l l  a r c h e s  a n d  t h e  p h y l o g e n y  o f  f i s h e s  w i t h  n o t e s  
o n  t h e  c l a s s i f i c a t i o n  o f  v e r t e b r a t e s .  B u l l .  A m .  M u s .  N a t .  
H i s t . ,  1 4 1 ( 4 ) :  4 7 5 - 5 5 2 ,  7 4  f i g s .
N o r m a n ,  J . R .  1 9 6 6 .  A  d r a f t  s y n o p s i s  o f  t h e  o r d e r s ,  f a m i l i e s  a n d  
g e n e r a  o f  r e c e n t  f i s h e s  a n d  f i s h - l i k e  v e r t e b r a t e s .  B r i t .  M u s .  
( N a t .  H i s t . ) :  6 4 9  p p .
O r m e l i n g ,  F . J .  1 9 5 0 .  T h e  f i s h p o n d  a r e a  a l o n g  t h e  n o r t h  c o a s t  o f  J a v a  
( i n  D u t c h ) .  T i j d .  K o n i n k .  N e t h .  A a r d r i j k 3 .  G e n o . ,  A m s t e r d a m ,  
6 7 ( 3 ) :  4 7 0 - 4 8 7 .
P a d l a n ,  P . G .  a n d  H . R .  M o n t a l b a n .  1 9 5 5 .  C o m p a r a t i v e  s t u d y  o n  c o a r s e  
d a r a k  a n d  c o r n  m e a l  a s  a r t i f i c i a l  f e e d  f o r  b a n g o s ,  C h a n o s  c h a n o s  
( F o r s k a l )  f i n g e r l i n g s .  ( A b s t r a c t ) .  I n d o  P a c .  F i s h .  C o u n .  5 t h  
S e s . ,  S e c .  2 / 3 :  1 3 5 .
P a n i k k a r ,  N . K .  a n d  o t h e r s .  1 9 5 2 .  O n  t h e  f r y  o f  t h e  m i l k f i s h  C h a n o s  
c h a n o s  ( F o r s k a l ) .  C u r r .  S c i .  I n d i a ,  2 1 ( 2 ) :  1 8 - 1 9 .
_________________ 1 9 5 3 .  S o m e  a s p e c t s  o f  a d a p t a t i o n  i n  C h a n o s  c h a n o s  



















































P h i l i p p i n e s  F i s h e r i e s  C o m m i s s i o n .  1 9 6 6 .  C o n s t r u c t i o n  a n d  l a y o u t  o f  
b a n g o s  f i s h p o n d s .  P h i l i p .  J o u r n .  F i s h . ,  4 ( 8 ) :  2 8 - 3 1 ,  f i g s .
_________________ 1 9 6 6 .  R a i s i n g  b a n g o s  i n  p o n d s .  P h i l i p .  J o u r n .  
F i s h . ,  4 ( 4 ) :  1 4 - 1 6 .
P h i l i p p i n e  ( U n i v e r s i t y  o f )  C o l l e g e  o f  F i s h e r i e s .  1 9 7 4 .  I n l a n d  f i s h e r i e s  
p r o j e c t .  S e c o n d  h a l f  o f  F Y  1 9 7 4 .  T e c h .  R e p . ,  : 9 6  p p .
P h i l i p p i n e  C o u n c i l  f o r  A g r i c u l t u r a l  R e s e a r c h .  1 9 7 6 .  T h e  P h i l i p p i n e s  
r e c o m m e n d s  f o r  b a n g o s  1 9 7 6 .  P C A R R :  i - i v ,  1 - 4 1 .
P C A R R ,  B F A R ,  U P C F  a n d  S E A F D E C .  1 9 7 5 .  N a t i o n a l  B a n g o s  
S y m p o s i u m .  ( S y m p o s i u m  p a p e r s ;  s t a t i s t i c a l  d a t a  o n  m i l k f i s h ) .  
J u l y  2 5 - 2 6 ,  1 9 7 5 .  P h i l i p .  C o u n c .  A g r .  R e s e . ;  B u r .  F i s h .  
A q u a .  R e s . ;  U n i .  P h i l i p .  C o l l .  F i s h . ;  S . E .  A s i a  F i s h .  D e v .  
C e n t . :  2 0 2  p p ,  f i g s .
P i l l a y ,  T . V . R .  1 9 4 8 .  A  m u l l e t  f a r m  i n  C o c h i n  S t a t e .  I n d .  F a r m . ,  
9 :  9 9 - 1 0 3 .
Q u r e s h i ,  M . R .  1 9 5 7 .  A  f i e l d - k e y  t o  t h e  i d e n t i f i c a t i o n  o f  f i s h e s :  3 .  
C l u p e i f i r m e s  ( I s o s p o n d y l i ,  M a l a c o p t e r y g i ) .  A g r .  P a k i s t a n . , 
8 ( 2 ) :  9 8 - 1 3 7 ,  2 4  f i g s .
R a b a n a l ,  H . R .  1 9 4 9 .  T h e  c u l t u r e  o f  l a b - l a b ,  t h e  n a t u r a l  f o o d  o f  
m i l k f i s h  f r y  a n d  f i n g e r l i n g s .  D e p t .  A g r .  N a t .  R e s .  T e c h .  
B u l l . ,  1 8 :  1 - 9 .
_________________ 1 9 5 1 .  P o n d  c u l t u r e  o f  w a r m  w a t e r  f i s h e s  ( w i t h  p a r t i c u l a r  
e m p h a s i s  o n  b a n g o s  o r  m i l k f i s h  c u l t i v a t i o n  u n d e r  P h i l i p p i n e  
c o n d i t i o n s ) .  P r o c .  U . N .  S c i .  C o n f .  C o n s e r v .  U t i l l .  R e s . ,  
7 :  1 4 2 - 2 4 5 .
_ _ _ _ _ _ _ _ _ _ _ _  1 9 6 1 .  S t a t u s  a n d  p r o b l e m s  o f  c h a n o s  f i s h e r y  i n  t h e  
P h i l i p p i n e s .  R e p o r t  o f  t h e  c h a n o s  s u b c o m m i t t e e  a n d  c o n t r i ­
b u t i o n  o f  t h e  P h i l i p p i n e  d e l e g a t i o n .  I n d o .  P a c .  F i s h .  C o u n c .  
S y m p .  X I X t h  S e s . :  1 - 5 .
_________________ 1 9 6 3 .  T h e  e l e v a t i o n  o f  s w a m p l a n d  b a s e d  o n  t h e  t i d a l  
d a t u s  a n d  i t s  i m p o r t a n c e  i n  s e l e c t i n g  s i t e s  f o r  c h a n o s  f i s h p o n d  
p r o j e c t s .  P r o c .  I n d o .  P a c .  F i s h .  C o u n c .  X t h  S e s .  2 :  
1 3 8 - 1 4 0 ,  f i g .
_________________ 1 9 6 7 .  S t o c k  m a n i p u l a t i o n  a n d  o t h e r  b i o l o g i c a l  m e t h o d s  o n  
i n c r e a s i n g  p r o d u c t i o n  o f  f i s h  t h r o u g h  p o n  f i s h  c u l t u r e  i n  A s i a .  



















































R a b a n a l ,  H . R .  a n d  H . R .  M o n t a l b a n .  1 9 5 3 .  N u r s e r y  p o n d  m a n a g e m e n t  
t e c h n i q u e s  i n  t h e  P h i l i p p i n e s .  P r o c .  8 t h  P a c .  S c i .  C o n g .  
A b s t r a c t s  o f  P a p e r s :  1 1 9 .
R a b a n a l ,  H . R .  a n d  I . A .  R o n q u i l l o .  1 9 7 5 .  D i s t r i b u t i o n  a n d  o c c u r r e n c e  
o f  m i l k f i s h  C h a n o s  c h a n o s  ( F o r s k a l ) .  N a t i o n a l  B a n g o s  S y m p o s i u m ,  
P h i l i p p i n e s ,  2 0 - 3 3 .
_________________ 1 9 5 3 .  S t u d i e s  o n  t h e  r a t e  o f  g r o w t h  o f  m i l k f i s h  o r  b a n g o s ,  
C h a n o s  c h a n o s  ( F o r s k a l )  u n d e r  c u l t i v a t i o n .  P r o c .  I n d o .  P a c .  
F i s h .  C o u n c .  I V t h  S e s .  4 ( 2 ) :  1 7 1 - 1 8 0 ,  3  f i g s .
R a m a n a t h a n ,  S .  1 9 6 9 .  A  p r e l i m i n a r y  r e p o r t  o f  c h a n o s  f r y  s u r v e y s  c a r r i e d  
o u t  i n  t h e  b r a c k i s h  w a t e r  a r e a s  o f  M a n n a r ,  P u t t a l a m  a n d  N e g o m b o .  
B u l l .  F i s h .  R e s .  S t a .  C e y l o n ,  2 0 :  7 9 - 8 5 ,  3  f i g s .
R a m a n a t h a n ,  S .  a n d  D . E . S .  J a y a m a h j a .  1 9 7 0 .  O n  t h e  c o l l e c t i o n  t r a n s p o r t  
a n d  a c c l i m a t i z a t i o n  o f  t h e  f r y  o f  C h a n o s  c h a n o s  ( F o r s k a l )  f o r  
b r a c k i s h w a t e r  p o n d  c u l t u r e  i n  C e y l o n .  I n d o .  P a c .  F i s h .  C o u n c .  
X I V  S e s .  S y m p . ,  2 2 :  1 - 8 .
R a n d a l l ,  J . E .  1 9 7 3 .  P a l a u a n  f i s h  n a m e s .  P a c .  S c i . ,  2 7 ( 2 )  1 3 6 - 1 5 3 .
_________________ 1 9 7 3 .  T a h i t i a n  f i s h  n a m e s  a n d  a  p r e l i m i n a r y  c h e c k l i s t  o f  
t h e  f i s h e s  o f  t h e  S o c i e t y  I s l a n d .  O c c .  P a p .  B i s h o p  M u s . ,  
2 4 ( 1 1 ) :  1 6 7 - 2 1 4 .
R a n g a n a t h a n ,  V .  a n d  S . V .  G a n a p a t i .  1 9 4 9 .  C o l l e c t i o n ,  a x x l i m a t i z a t i o n  
a n d  t r a n s p o r t  o f  t h e  f r y  a n d  f i n g e r l i n g s  o f  m i l k f i s h ,  C h a n o s  c h a n o s  
( F o r s k a l ) .  I n d .  F a r . ,  I n d i a ,  1 0 ( 9 ) :  3 6 8 - 3 7 4 .
R a o .  A . V . P .  1 9 7 2 .  O n  t h e  s e a s o n a l  a b u n d a n c e  o f  l a r v a e  a n d  j u v e n i l e s  
o f  c u l t i v a b l e  b r a c k i s h w a t e r  f i s h  i n  P u l i c a t  L a k e  ( A b s t r a c t )  
( i n  C o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  r e g i o n ) .  F A O  a n d  
F i s h i n g  N e w s  ( B o o k s )  L t d . ,  L o n d o n :  i - x i i i ,  1 - 4 9 7 ,  f i g s .
_ _ _ _ _ _ _ _ _  1 9 7 2 .  S t u d i e s  o n  t h e  f i s h  e g g s ,  l a r v a e  a n d  j u v e n i l e  f i s h  
i n  P u l i c a t  L a k e .  I .  L a r v a l  i n g r e s s  o f  t h e  m i l k f i s h ,  C h a n o s  
c h a n o s  ( F o r s k a l ) .  P r o c .  1 s t  A l l - I n d .  S y m p .  E s t u a r i n e  B i o l . ,  
M a d r a s ,  J o u r .  M a r .  B i o l .  A s s o c .
R e d c l i f f e ,  L .  1 9 1 2 .  N o t e s  o n  p o n d - c u l t u r e  i n  t h e  P h i l i p p i n e s .  T r a n s . 
A m .  F i s h .  S o c . ,  8 :  2 8 9 .
R e i j n t j e s ,  E . J .  1 9 2 2 .  F i s h p o n d s  a n d  f i g h t  a g a i n s t  M a l a r i a  ( i n  D u t c h ) .  



















































R e i j n t j e s ,  E . J .  1 9 2 6 .  F i s h  c u l t u r e  i n  s a l t w a t e r  p o n d s  ( i n  D u t c h ) ,  
M e d e d e l .  A f d e l ,  L a n d b o u w ,  B a t a v i a ,  1 0 : 7 0  p p .
R i c k e r ,  K . E .  1 9 5 9 .  M e x i c a n  s h o r e  a n d  p e l a g i c  f i s h e s  c o l l e c t e d  f r o m  
A c a p u l c o  t o  C a p e  S a n  L u c a s  d u r i n g  t h e  1 9 5 7  c r u i s e  o f  t h e  
" M a r i j e a n " .  I n s t .  F i s h .  U n i .  B r i t .  C o l u m .  M u s .  C o n t . ,  
3 :  1 - 1 8 ,  f i g .
R i d e w o o d ,  W . G .  1 9 0 4 .  O n  t h e  c r a n i a l  o s t e o l o g y  o f  t h e  f i s h e s  o f  t h e  
f a m i l i e s  E l o p i d a e  a n d  A l b u l i d a e ,  w i t h  r e m a r k s  o n  t h e  
m o r p h o l o g y  o f  t h e  s k u l l  i n  t h e  l o w e r  t e l e o s t e a n  f i s h e s  
g e n e r a l l y .  P r o .  Z o o .  S o c .  L o n d ,  2 :  3 5 - 8 1 ,  f i g s .
_________________ 1 9 0 5 .  O n  t h e  c r a n i a l  o s t e o l o g y  o f  t h e  c l u p e o i d  f i s h .  
P r o .  Z o o l .  S o c .  L o n d ,  2 :  4 4 8 - 4 9 3 ,  2.5 f i g s .
R o n q u i l l o ,  I . A .  a n d  P .  C .  B o r j a ,  1 9 6 0 .  N o t e s  o n  t h e  i n f e s t a t i o n  o f  
c h a n o s  b y  a  p a r a s i t i c  i s o p o d .  P h i l i p .  J o u n .  F i s h .  8 ( 1 ) :
1 1 3 - 1 1 6 .
R o n q u i l l o ,  I . A .  a n d  A .  d e  J e s u s .  1 9 5 7 .  N o t e s  o n  g r o w i n g  o f  l a b - l a b  
i n  b a n g o s  n u r s e r y  p o n d s .  P h i l i p .  J o u r n .  F i s h .  5 ( 2 ) :  9 9 - 1 0 2 .
R o n q u i l l o ,  I . A .  a n d  E .  V i l l a m a t e r .  1 9 5 7 .  O b s e r v a t i o n s  o n  a r t i f i c i a l  
f e e d i n g  o f  b a n g o s  f r y  C h a n o s  c h a n o s  ( F o r s k a l ) .  P h i l i p .  
J o u r n .  F i s h . ,  5 ( 2 ) :  1 0 3 - 1 1 2 .
R o n q u i l l o ,  I . A .  a n d  o t h e r s .  1 9 5 9 .  O b s e r v a t i o n s  o n  t h e  u s e  o f  t e r r a m y c i n  
a n d  v i g o f a c  e n r i c h e d  d i e t  o n  b a n g o s  f r y  C h a n o s  c h a n o s  ( F o r s k a l ) .  
P h i l i p .  J o u r n .  F i s h . , 5 ( 2 ) :  1 1 3 - 1 2 4 .
R o s e l l ,  D . Z .  a n d  A . S .  A r g u e l l e s ,  1 9 3 6 .  S o i l  t y p e s  a n d  g r o w t h  o f  a l g a e  
i n  b a n g o s  f i s h p o n d s .  P h i l i p .  J o u r n .  S c i . ,  6 1 ( 1 ) :  1 - 7 .
R o x a s ,  H . A .  a n d  U m a l i ,  A . F .  1 9 3 7 .  F r e s h w a t e r  f i s h  f a r m i n g  i n  t h e  
P h i l i p p i n e s .  P h i l i p .  J o u r n .  S c i .  6 3 ( 4 ) :  4 3 3 - 4 6 7 .
R u b o r ,  D . S .  1 9 3 8 .  S t u d i e s  o n  t h e  a n a t o m y  o f  t h e  b a n g o s ,  C h a n o s  
c h a n o s  ( F o r s k a l ) .  P h i l i p .  J o u r n .  S c i . ,  6 7 :  3 5 1 .
S a a n i n ,  H .  1 9 5 4 .  A n  o c c u r r e n c e  o f  c h a n o s  f r y  i n  I n d o n e s i a  w a t e r s .  
( A b s t r a c t ) .  P r o c .  I n d o .  P a c .  F i s h .  C o u n c .  V t h  S e s . ,



















































S a m a r a k o o n ,  J . I .  1 9 7 2 .  O n  t h e  e x p e r i m e n t  o f  m i l k f i s h  C h a n o s  c h a n o s  
( F o r s k a l )  a s  t u n a  b a i t  i n  C e y l o n  ( A b s t r a c t )  ( i n  C o a s t a l  
a q u a c u l t u r e  i n  t h e  I n d o - P a c i f i c  r e g i o n ) .  F A C  a n d  F i s h i n g  
N e w s  ( B o o k s )  L t d . ,  L o n d o n :  i - x i i i ,  1 - 4 9 7 ,  f i g s .
S c h m i d t ,  P .  1 9 3 0 .  A  c h e c k l i s t  o f  t h e  f i s h e s  o f  t h e  R i u - K i u  I s l a n d s .  
J o u r n .  P a n - P a c i f i c  R e s .  I n s t . ,  5 ( 4 ) :  1 - 6 .
S c h m i t t o u ,  H . R .  1 9 7 5 .  S a b a l o  s p a w n i n g .  N a t i o n a l  B a n g o s  S y m p o s i u m ,  
P h i l i p p i n e s :  5 6 - 6 1 .
S c h u r m a n ,  J . J .  1 9 6 6 .  A  m e t h o d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
s u i t a b i l i t y  o f  c o a s t a l  r e g i o n s  f o r  t h e  c o n s t r u c t i o n  o f  b r a c k i s h -  
w a t e r  p o n d s .  P r o c .  I n d o .  P a c .  F i s h .  C o u n c .  X I t h  S e s . ,  
2 :  1 1 6 - 1 2 1 ,  4  f i g s .
S c h u s t e r ,  W . H .  1 9 4 7 .  T h e  n e e d  f o r  s c i e n t i f i c  i n v e s t i g a t i o n s  o n  t h e  
m i l l i e r  o f  t h e  b r a c k i s hw a t e r  z o n e  i n  I n d o n e s i a  i n  r e g a r d  t o  
f i s h  p r o d u c t i o n  ( i n  D u t c h ) .  L a n d b o u w ,  B u i t e n z o r g ,  1 9  
( 1 1 - 1 2 ) :  5 4 4 - 5 4 6 .
_________________ 1 9 4 8 .  O n  t h e  c u l t i v a t i o n  o f  C h a n o s  i n  F o r m o s a  ( i n  D u t c h ) .  
S e r r i e  B i e n n e n v i s . ,  B a t a v i a ,  1 3 :  2 8  p p .
_________________ 1 9 4 9 .  O n  t h e  f o o d  o f  t h e  b a n d e n g ,  C h a n o s  c h a n o s  ( F o r s k a l )  
i n  I n d o n e s i a n  P o n d s .  M e d .  A l g .  P r e f a s t .  L a n d b o u w ,  
B u i t e n z o r g ,  2 1 ( 6 ) :  2 3 7 - 2 5 9 .
________________  1 9 5 2 .  A n  a n n o t a t e d  b i b l i o g r a p h y  o n  t h e  c u l t u r e  o f  m i l k f i s h ,  
C h a n o s  c h a n o s  ( F o r s k a l ) .  I n d o .  P a c .  F i s h .  C o u n c . ,  O c c .  
P a p . ,  5 2 / 3 :  1 - 2 8 .
_________________ 1 9 5 2 .  F i s h  c u l t u r e  i n  b r a c k i s h w a t e r  p o n d s  i n  J a v a .  
I n d o .  P a c .  F i s h .  C o u n c .  S p e c .  P u b . ,  1 : i - x i i ,  1 - 1 4 0 ,  2 5  f i g s .
_________________ 1 9 6 0 .  S y n o p s i s  o f  b i o l o g i c a l  d a t a  o n  m i l k f i s h ,  C h a n o s  
c h a n o s  ( F o r s k a l ) .  F A O  F i s h .  B i o l .  S y n o p .  4 :  i - v i ,  t e x t  i n  f  
c h a p t e r s ,  f i g s .
S c o t t ,  J . S .  1 9 5 9 .  A n  i n t r o d u c t i o n  t o  t h e  s e a  f i s h e s  o f  M a l a y a .  M i n i s t .  
A g r .  K u a l a  L u m p u r :  i - x i i ,  1 - 1 8 0 ,  f i g s .
S E A F D E C  ( A q u a c u l t u r e  D e p a r t m e n t ) .  1 9 7 5 .  S E A F D E C - I D R C  m i l k f i s h  



















































S e a l e ,  A .  1 9 0 8 .  T h e  f i s h e r y  r e s o u r c e s  o f  t h e  P h i l i p p i n e  I s l a n d s .  
P h i l i p .  J o u r n .  S c i . ,  3 ( a ) :  5 1 3 - 5 3 1 .
S e i n  L w i n .  1 9 7 5 .  L i s t  o f  f i s h e s  o f  B u r m a  i n  B u r m e s e  a n d  J a p a n e s e  
n a m e s  ( i n  J a p a n e s e ) .  R a k u s h i u ,  6 9 0 - 6 9 2 :  1 3 - 1 7 ,  1 1 - 1 5 ,  1 5 - 2 2 .
S h r i b h i b h a d ,  A r p o r n a .  1 9 7 2 .  S t a t u s  a n d  p r o b l e m s  o f  c o a s t a l  
a q u a c u l t u r e  i n  T h a i l a n d  ( i n  c o a s t a l  a q u a c u l t u r e  i n  t h e  I n d o -  
P a c i f i c  r e g i o n ) .  F A O  a n d  F i s h i n g  M e w s  ( B o o k s )  L t d . ,  
L o n d o n :  i - x i i i ,  1 - 4 9 7 ,  f i g s .
S m i t h ,  J . L . B .  1 9 6 1 .  T h e  s e a  f i s h e s  o f  s o u t h e r n  A f r i c a .  C e n t r a l  
N e w s  A g e n c y  L t d . ,  S .  A f r i c a :  i - x v i ,  1 - 5 8 0 ,  f i g s . ,  p l s .
S m i t h ,  J . L . B .  a n d  M . M .  S m i t h .  1 9 6 3 .  T h e  f i s h e s  o f  S e y c h e l l e s .  
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W orking  P a p e r  No. 7
N OTES ON THE C A PT U R E , HANDLING AND TR A N SPO R T 
O F THE SABA LO  OR A D U LT M ILK FISH , 
CHANOS CHANOS (FO RSK A L)
by
R . M a te o , O . P a r a a n  and  L . R o d rig u e z
A b s t r a c t
The p a p e r  d e s c r ib e s  a  s im p le  an d  in e x p e n s iv e  m e th o d  of h an d lin g  
and  t r a n s p o r t in g  w ild  sa b a lo  c a p tu re d  f ro m  the s e a .
In tro d u c tio n
The sab a lo  i s  a  f a s t  s w im m e r  an d  a  v e ry  w ild  f is h . It i s  
u s u a lly  tra p p e d  in  f ish  c o r r a l s  lo c a lly  know n a s  " b a k la d "  d u r in g  the 
p eak  m o n th s  of A p r i l ,  M ay and  J u n e . It i s  a ls o  cau g h t in  the 
" o to s h i- a m i"  o r  th e  J a p a n e s e  t r a p  n e t  w h ich  i s  a  v e ry  e ffe c tiv e  g e a r  
r e c e n tly  in tro d u c e d  in the  P h il ip p in e s .  L ive  sa b a lo  can  be cau g h t 
w ith  g il l  n e ts  a l s o  p ro v id e d  the fish  is  l i f te d  a t  the  r ig h t  t im e .
H and ling  the sa b a lo  in th e  o to s h i- a m i o r  f ish  c o r r a l  o ften  
p r e s e n ts  p ro b le m s  a s  the  f is h  is  v e ry  e x c ita b le  and  in ju r e s  i t s e l f  
by ju m p in g . The f i r s t  s te p , th e r e f o r e ,  b e fo re  ta k in g  up  any p r o g r a m  
on a r t i f i c i a l  p ro p a g a tio n  of m i lk f is h  i s  to  d ev e lo p  a  te ch n iq u e  of 
t r a n s p o r t in g  and  h a n d lin g  sa b a lo  cau g h t f ro m  th e  w ild . The p a p e r  
d e s c r ib e s  the m e th o d  fo llow ed  to  so lv e  th is  im p o r ta n t  p ro b le m .
M a te r ia ls  and  M eth o d s
F o r  the s tu d y , a l l  th e  th r e e  ty p e s  of f ish in g  g e a r s  a s  m e n tio n e d  
e a r l i e r  have  b e e n  u s e d .  The e x p e r im e n ta l  sab a lo  w e re  cau g h t f ro m  
1) o to s h i- a m i in  P a n d a n  B ay , A n tique  in  M ay, 1975; 2) two f ish  
c o r r a l s  o r  "b a k la d " , m e a s u r in g  2 0 0 -3 0 0  m  (a p p ro x .)  f ro m  th e  sh o re  
o f T ig b au an , I lo ilo  in  M ay, 1976; an d  3) g il l  n e ts  f ro m  L u s a ra n ,  
N ueva V a len c ia , G u im a ra s  in  A p r i l  and  M ay, 1976.
In the f i r s t  tw o fish in g  g e a r s  an  e x t r a  n e t w as  u s e d  to  c o v e r  
th e  f is h  t r a p  to  k e e p  th e  sa b a lo  f ro m  e s c a p in g . W ith the s l ig h te s t
*R . M ateo  and  L . R o d rig u e z  a r e  r e s e a r c h e r s ,  an d  O . P a r a a n  is  



















































p r o v o c a t i o n ,  t h e  s a b a l o  w o u l d  j u m p  a s  h i g h  a s  8 - 1 0  f t  ( 2 . 6 6 - 3 . 0 5  m )  
m a k i n g  i t s  e s c a p e  e a s y  i f  n o  p r o t e c t i v e  n e t  i s  u s e d .  I n  t h e  t h i r d  f i s h i n g  
g e a r ,  h o w e v e r ,  i m m e d i a t e  c a r e f u l  r e m o v a l  o f  t h e  f i s h  c a u g h t  i n  t h e  n e t  
i s  e s s e n t i a l  s o  a s  t o  p r e v e n t  f u r t h e r  d a m a g e  t o  t h e  f i s h .
A s  s o o n  a s  t h e  s a b a l o  a r e  c a u g h t ,  t r a n s p o r t i n g  t h e m  p r e s e n t s  
a n o t h e r  s e r i o u s  c o n s i d e r a t i o n .  I n  o u r  p r e l i m i n a r y  s t u d i e s  w h i c h  w e r e  
c o n d u c t e d  e a r l y  i n  M a y  1 9 7 5 ,  2 - p h e n o x y - e t h a n o l  t r a n q u i l i z e r  w a s  u s e d  
b u t  t h e  m i l k f i s h  s p a w n e r s  d i e d  s h o r t l y  a f t e r  t h e  t r e a t m e n t .
I n  t h e  m i d d l e  o f  M a y  1 9 7 5 ,  a  s i m p l e  b u t  m o r e  e f f e c t i v e  m e t h o d  
o f  t r a n s p o r t i n g  s a b a l o  a l i v e  f r o m  t h e  o t o s h i - a m i  w a s  d e v e l o p e d .  T h e  
f i s h  w a s  s i m p l y  p u t  i n s i d e  a  w o o d e n  t a n k  w i t h  s e a  w a t e r ,  t u r n i n g  
i t s  v e n t r a l  s i d e  u p  a n d  i t s  d o r s a l  s i d e  d o w n ,  i n  a n  i n v e r t e d  p o s i t i o n .
U p o n  r e a c h i n g  th e  s h o r e ,  t h e  f i s h  w a s  l a i d  o n  a  t r o u g h  o f  
d o u b l e  " M "  m e t a l  f r a m e ,  l i n e d  w i th  u r e t h a n e  f o a m  ( P l a t e  1 ) .  T h e  
n a p e  a n d  t a i l  o f  t h e  f i s h  f i t t e d  s n u g l y  o n  t h e  t r o u g h ,  t h e r e b y  h o l d i n g  
i t  s e c u r e l y  i n  t h e  i n v e r t e d  p o s i t i o n  ( P l a t e  2 ) .  T h e  f i s h  w a s  t i e d  f u r t h e r  
a f t e r  w r a p p i n g  a  t h i n  p l a s t i c  s h e e t  a n d  a  u r e t h a n e  f o a m  a r o u n d  i t s  
b e l l y  i n  o r d e r  t o  p r e v e n t  a n y ,  i n j u r y  a n d  t o  s e c u r e  i t  d u r i n g  t h e  
t r a n s p o r t .
T h e n ,  t h e  e n t i r e  s e t - u p  w a s  k e p t  i n s i d e  a  o n e - t o n  P V C  t a n k  
( P l a t e  3 ) .  T h e  P V C  t a n k ,  f i l l e d  w i t h  s e a  w a t e r  c o n t a i n e d  tw o  t o  f o u r  
s a b a l o  d u r i n g  e v e r y  t r a n s p o r t .  I t  i s  a l s o  c o n t i n u o u s l y  a e r a t e d  w i t h  
p u r e  o x y g e n  a n d  c o o l e d  d o w n  t o  a b o u t  2 0 ° C  to  r e d u c e  t h e  b a s a l  m e t a b o l i c  
r a t e  o f  t h e  f i s h .
I n  M a y  1 9 7 6 ,  s a b a l o  w e r e  h a n d l e d  u s i n g  b a s i c a l l y  t h e  s a m e  t e c h n i q u e  
a s  p r e v i o u s l y  d e v e l o p e d  i n  P a n d a n .  I n  o r d e r  t o  m i n i m i z e  b o d y  i n j u r i e s  
a  f i n e - m e s h e d  p l a n k t o n  n e t  w a s  u t i l i z e d  i n  t r a n s f e r r i n g  t h e  s a b a l o  f r o m  
t h e  f i s h  c o r r a l  t o  a: w o o d e n  b o x  ( P l a t e  4 )  i n  a  m o t o r i z e d  b o a t .  T h i s  
b o x  w a s  d e s i g n e d  w i t h  " V "  s l o t s  l i n e d  w i t h  f o a m  t o  s u p p o r t  a n d  
s t a b i l i z e  t h e  i n v e r t e d  f i s h .
T o  s e c u r e  a d e q u a t e  s u p p l y  o f  o x y g e n  a n d  r e m o v e  t r a c e s  o f  
p r e v i o u s l y  a p p l i e d  t o p i c a l  m e d i c a t i o n  ( B e t n o v a t e  C  a n d  W h i t f i e l d  o i n t m e n t s ) ,  
s e a  w a t e r  w a s  c h a n g e d  m a n u a l l y  e v e r y *  3 - 5  m i n u t e s  w h i l e  i n  t r a n s i t .
T h e  a b d o m e n  o f  e v e r y  f i s h  w a s  e x a m i n e d  b y  p r e s s i n g  g e n t l y  f o r  
p o s s i b l e  e g g s  o r  m i l k .  M o r p h o l o g i c a l  m e a s u r e m e n t s  w e r e  a l s o  t a k e n .
F r o m  t i m e  t o  t i m e ,  s e v e r a l  b a t c h e s  o f  s a b a l o  w e r e  b r o u g h t  



















































F ig .  1 . D o u b le  " M "  m e t a l  f r a m e  f o r  h o ld in g  s a b a lo .



















































F i g .  3 .  P V C  t a n k  u s e d  i n  t h e  t r a n s p o r t  o f  s a b a l o .






































































































T i g b a u a n  H a t c h e r y  w h i c h  a r e  a b o u t  13 n a u t i c a l  m i l e s  a n d  2 0 0  m  
r e s p e c t i v e l y  f r o m  t h e  c a t c h i n g  s i t e .  B o a t  t r a n s p o r t  t o  I g a n g  t o o k  
a b o u t  1 1/ 2  h o u r s ,  c o m p a r e d  t o  T i g b a u a n  w h i c h  t o o k  o n l y  3 - 5  m i n u t e s .
R e s u l t s  a n d  D i s c u s s i o n
I t  h a s  b e e n  o b s e r v e d  f r o m  t h e  a b o v e  s t a t e d  e x p e r i m e n t s  t h a t  
l i k e  h i g h l y  d o m e s t i c a t e d  C y p r i n u s , t h e  s a b a l o  a l s o  b e c a m e  p a s s i v e  
a n d  q u i e t  w h e n  p l a c e d  i n  a n  i n v e r t e d  p o s i t i o n .  T h i s  h a n d l i n g  t e c h n i q u e ,  
t h e r e f o r e ,  f a c i l i t a t e d  t r a n s p o r t  e v e n  w i t h o u t  t h e  u s e  o f  t r a n q u i l i z e r s .
S e v e r a l  t r i a l s  w e r e  m a d e  in  1 9 7 5  a t  t h e  S E A F D E C  P a n d a n  S t a t i o n  
( T a b l e  1 ) .  C u t  o f  t h e  13 s a b a l o  w h i c h  w e r e  t r a n s p o r t e d ,  1 0  s u r v i v e d  
t h e  t r a n s p o r t  s t r e s s  d u r i n g  t h e  2 0 0  k m  t r i p  o v e r  r o u g h  r o a d  f o r  
f o u r  t o  f i v e  h o u r s ,  a n d  l i v e d  f o r  a t  m o s t  2 d a y s  i n  t h e  T i g b a u a n  
h a t c h e r y .  T h i s  r e s u l t  i s  s i g n i f i c a n t  b e c a u s e  t h e  s a b a l o  t h a t  h a d  b e e n  
k e p t  i n  t h e  o t o s h i - a m i  f o r  o v e r  a  w e e k  d u r a t i o n  w e r e  a l r e a d y  b a d l y  
i n j u r e d  e v e n  b e f o r e  h a n d l i n g  a n d  t r a n s p o r t .  T h e  f i s h  k e p t  o n  b u m p i n g  
t h e i r  h e a d s  a g a i n s t  t h e  n e t  i n  t h e i r  f u t i l e  a t t e m p t  t o  e s c a p e .  A s  a  
r e s u l t ,  t h e  h e a d s  a n d  b o d i e s  w e r e  b a d l y  b r u i s e d  a n d  i n  s o m e  c a s e s  
t h e  d e m a t o c r a n i u m  w a s  a l r e a d y  e x p o s e d .
I n  1 9 7 6 ,  s a b a l o  t r a n s p o r t  o p e r a t i o n  c o n t i n u e d  f r o m  t h e  f i s h  
c o r r a l s  i n  T i g b a u a n  a n d  t h e  g i l l  n e t s  i n  L u s a r a n  t o  t h e  I g a n g  S t a t i o n .  
I n  a d d i t i o n ,  s a b a l o  w e r e  a l s o  t r a n s p o r t e d  f r o m  t h e  f i s h  c o r r a l s  t o  
t h e  T i g b a u a n  h a t c h e r y .
A l l  t h e  f i s h  t h a t  w e r e  t r a n s p o r t e d  b y  t h e  i n v e r t e d  m e t h o d  r e a c h e d  
t h e i r  d e s t i n a t i o n  a l i v e  ( T a b l e s  2 ,  3 & 4 ) .  H o w e v e r ,  s o m e  o f  t h e m  
d i e d  o f  i n j u r i e s  d u e  t o  t h e i r  a b o r t e d  a t t e m p t s  t o  e s c a p e  o u t  o f  t h e  
b a m b o o  f i s h  p e n s  i n  I g a n g  ( P l a t e  5 ) .  T h r e e  s a b a l o  d i e d  a f t e r  h u r t i n g  
t h e m s e l v e s  w h e n  t h e y  j u m p e d  c o n s e c u t i v e l y  o v e r  o n e  o r  t w o  a d j a c e n t  
c o m p a r t m e n t s .
A s  o f  M a y  2 0 ,  1 9 7 6 ,  t w o  s a b a l o  a r e  s t i l l  a l i v e  i n  I g a n g  a n d  
s i x  i n  T i g b a u a n .  O n e  s a b a l o  i n  I g a n g  h a s  b e e n  k e p t  a l i v e  i n  c a p t i v i t y  
f o r  2 2  d a y s  w h i l e  a n o t h e r  s a b a l o  i n  T i g b a u a n  f o r  16  d a y s .
B e t w e e n  t h e  f i r s t  d a y  o f  t r a n s p o r t  t o  a b o u t  f i v e  t o  s i x  d a y s  
l a t e r ,  t h e  a d i p o s e  t i s s u e  c o v e r i n g  t h e  s a b a l o ' s  e y e  a n d  s i d e  o f  



















































fro m  its  o r ig in a l trans lucen t state. A t th is  stage, the fish  a lso became 
p ra c tic a lly  b lind , and one could catch i t  w ith  h is  bare hands.
T he rea fte r, the eye cover o f the f is h  s ta rted  recupera ting  g radua lly  
to its  o r ig in a l trans lucen t condition  in  about five  to seven days.
The o ldest live  sabalo in  Tigbauan w hich  was caught on 4 M ay 1976 
was tra n s fe rre d  fo u r days la te r  fro m  the open hatchery tank contain ing 
sea w a te r to the roofed hatchery tank No. 5 with  sa lin ity  of  14‰  
since the fis h  developed opaqueness o f the eyecover. On 11 M ay 1976, 
the eyecover s ta rted  c le a rin g  and by 16 May 1976, recovered  com p le te ly .
I t  was, th e re fo re , thought tha t reducing the sa lin ity  d id  the t r ic k  in  
e ffec ting  recupera tion . So we decided to tra n s fe r  to the b rack ishw a te r 
RH tank No. 5 the o ther 3 sabalos caught recen tly  on 14 and 15 M ay 
and having opaqueness of the eyecovers ; but insp ite  o f the tra n s fe r to 
low e r sa lin ity  the opaqueness continued.
Table 1. R esu lt o f sabalo tra n s p o rt fro m  the o to sh i-a m i 
in  M ay, 1975 in  Pandan
T r ia l 
No.






No. s u r­
v ived the 
t r ip  to 
Tigbauan
Length o f 




1 3 1 2 40
1 /2
2 2 0 2 48
42
3 4 2 2 24
37
4 2 0 2 25
36
5 2 0 2 25
28



















































T a b l e  2 .  R e s u l t  o f  s a b a l o  t r a n s p o r t  f r o m  t h e  f i s h  c o r r a l s  t o  I g a n g  in  
A p r i l  a n d  M a y ,  1 9 7 6 .
T r i a l  
N o .
D a t e  
c o l l e c t e d
T o t a l  n o .  
o f  s a b a l o  
t r a n s p o r t e d
N o .  d i e d  
o n  t h e  
w a y
N o .  s u r ­
v i v e d  t h e  
t r i p
L e n g t h  o f  
s u r v i v a l  
( i n  d a y s )
1 3 0  A p r  1 9 7 6 1 0 1 S t i l l  a l i v e *
2 2 M a y  1 9 7 6 1 0 1 3
3 3 M a y  1 9 7 6 1 0 1 2
4 5 M a y  1 9 7 6 1 0 1 1
* F o r  2 0  d a y s  a s  o f  2 0  M a y  1 9 7 6 .
T a b l e  3 .  R e s u l t  o f  s a b a l o  t r a n s p o r t  f r o m  g i l l  n e t  i n  L u s a r a n  t o  I g a n g  
i n  A p r i l  a n d  M a y ,  1 9 7 6 .
T r i a l  
N o .
D a t e  
c o l l e c t e d
T o t a l  n o .  
o f  s a b a l o  
t r a n s p o r t e d
N o .  d i e d  
o n  t h e  
w a y
N o .  s u r ­
v i v e d  t h e  
t r i p
L e n g t h  o f  
s u r v i v a l  
( i n  d a y s )
1 2 8  A p r  1 9 7 6 1 0 1 S t i l l  a l i v e *
2 6 M a y  1 9 7 6 1 0 1 3
3 10  M a y  1 9 7 6 1 0 1 1



















































T ab le  4 . R e s u lt  of s a b a lo  t r a n s p o r t  to  th e  T igbauan  h a tc h e ry .
T r ia l  
No.
D ate 
c o lle c te d
N o. of 
s a b a lo
N o. d ied  
on th e  
w ay
N o. s u r ­
v ived  th e  
t r ip
L en g th  of 
s u rv iv a l  
(in d ay s )
1 4 M ay 1976 2 0 2 4
S till a liv e*




S till a l iv e  
(2)*
3 9 M ay 1976 3 0 3 1
1
S till  a l iv e  
(1)*
4 14 M ay 1976 1 0 1 S till a liv e *
5 15 M ay 1976 2 0 2 S till a liv e*


















































W o rk in g  P a p e r  N o . 8
A  P R E L IM IN A R Y  S T U D Y  O N  T H E  P U R I F IE D  T E S T  D IE T  F O R  
Y O U N G  M IL K F IS H , C H A N O S C H A N OS *
b y
D o n g - L ia n g  L e e  a n d  I - C h iu  L ia o * *
A b s t r a c t
In  s tu d y in g  th e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  y o u n g  m i l k f i s h  
e x p e r i m e n t s  w e r e  c o n d u c te d  to  d e v e lo p  a  p u r i f i e d  t e s t  d i e t .  M i x t u r e s  
o f  th e  p u r i f i e d  c o n s t i t u e n t s  t e s t e d  w e r e :  v i t a m i n - f r e e  c a s e i n ,  v i t a m i n -  
f r e e  g e l a t i n ,  s u p p le m e n te d  w i th  L - t r y p t o p h a n  a n d  L - c y s t i n e  a s  th e  
p r o t e i n  s o u r c e s ;  s h a r k  l i v e r  o i l  a n d  s o y b e a n  o i l  a s  th e  f a r  s o u r c e s ;  a n d  
d e x t r i n  a s  th e  c a r b o h y d r a t e  s o u r c e .  M i n e r a l  m i x t u r e  a n d  v i t a m i n  
m i x t u r e  w e r e  a l s o  a d d e d .
T h e  r e s u l t s  s h o w e d  t h a t  a  t e s t  d i e t  c o n ta in in g  v i t a m i n - f r e e  c a s e i n  
s u p p le m e n te d  w i th  L - t r y p t o p h a n  a s  th e  p r o t e i n  s o u r c e ,  w a s  b e s t  f o r  th e  
g r o w th  o f  y o u n g  m i l k f i s h .  S o y b e a n  o i l  w a s  fo u n d  to  b e  a  b e t t e r  s o u r c e  
o f  f a t .  V i ta m in  m i x t u r e  (4% ) a n d  m i n e r a l  m i x t u r e  (10% ) w e r e  o b s e r v e d  
to  p r o m o t e  g r o w th  i n  y o u n g  m i l k f i s h .  A  p u r i f i e d  t e s t  d i e t  c o n s i s t i n g  
o f  v i t a m i n - f r e e  c a s e i n  60% , L - t r y p t o p h a n  0 .5 % , s o y b e a n  o i l  10% , 
v i t a m in  m i x t u r e  4% , m i n e r a l  m i x t u r e  10% , c a r b o h y d r a t e  a n d  o t h e r s  
16%  w a s  th u s  s u g g e s t e d  f o r  y o u n g  m i l k f i s h .
I n t r o d u c t io n
M i l k f i s h  f a r m i n g  w a s  w e l l  e s t a b l i s h e d  in  T a iw a n  f o r  m o r e  t h a n  
t h r e e  h u n d r e d  y e a r s  a n d  h a d  p l a y e d  a n  i m p o r t a n t  r o l e  in  th e  i s l a n d 's  
fo o d  e c o n o m y  e v e r  s i n c e .  H o w e v e r ,  t h e r e  i s  h a r d l y  a n y  i n f o r m a t i o n  
a v a i l a b l e  o n  th e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  m i l k f i s h .  I t  i s  f u n d a m e n ta l  
to  d e v e lo p  a  p u r i f i e d  t e s t  d i e t  w h ic h  m a i n t a i n s  th e  n o r m a l  g ro w th .
T h e  p r e s e n t  s tu d y  i s  l a r g e l y  b a s e d  o n  th e  p u r i f i e d  t e s t  d i e t  t r i e d  
o n  e e l  ( A r a i  e t  a l . , 1 9 7 1 ) w i th  s o m e  m o d i f i c a t i o n .  In  t h i s  p r e l i m i n a r y  
i n v e s t i g a t io n ,  a n  a t t e m p t  h a s  b e e n  m a d e  to  f in d  o u t  a s  i d e a l  s o u r c e  o f  
p r o t e i n  a n d  f a t ,  a n d  th e  o p t im u m  q u a n t i t y  o f  v i t a m in  m i x t u r e  a n d
* C o n t r ib u t io n  A  N o . 33 f r o m  th e  T u n g k a n g  M a r in e  L a b o r a t o r y
* * M r .  L e e  i s  a  S e n i o r  S p e c i a l i s t ,  w h i le  M r .  L ia o  i s  a  S e n i o r  S p e c i a l i s t  
a n d  D i r e c t o r ,  a t  th e  T u n g k a n g  M a r i n e  L a b o r a t o r y ,  T a iw a n  F i s h e r i e s  



















































m i n e r a l  m i x t u r e  n e e d e d  f o r  th e  n o r m a l  g r o w th  o f  y o u n g  m i l k f i s h .  T h e  
e f f e c t  o f  s u p p le m e n ta r y  a m i n o - a c i d  o n  th e  g r o w th  o f  m i l k f i s h  w a s  a l s o  
s tu d i e d .
M a t e r i a l s  a n d  M e th o d s
E x p e r i m e n t a l  f i s h  a n d  f e e d in g  m e th o d
T h e  e x p e r i m e n t a l  f i s h  w e r e  y o u n g  m i l k f i s h  o r i g i n a l l y  i m p o r t e d  f r o m  
I n d o n e s ia  in  O c t o b e r ,  1 9 7 4 . T h e y  w e r e  o v e r w i n t e r e d  in  f i s h p o n d  a n d  
r e a r e d  in  c e m e n t  ta n k  w i th  p u r i f i e d  d i e t  f o r  s ix  w e e k s  p r i o r  to  th e  
i n i t i a t i o n  o f  th e  p r e s e n t  s tu d y .  F i s h  o f  a b o u t  1 .7  g in  b o d y  w e ig h t  w e r e  
c h o s e n  a n d  t r a n s f e r r e d  to  g r e y  P V C  a q u a r i a  (50  c m  x  25 c m  x  15 c m  d e e p ) ,  
e a c h  c o n ta in in g  25 f i s h e s .  A e r a t i o n  a n d  r u n n in g  w a t e r  a t  a  v e l o c i t y  o f  
1 .5  l i t e r / m i n  w e r e  p r o v id e d  th r o u g h o u t  th e  e x p e r i m e n t .  D u r in g  th e  
e x p e r i m e n t  p e r i o d ,  w a t e r  t e m p e r a t u r e  a n d  s a l i n i t y  r a n g e d  f r o m  25 
to  2 8 ° C  a n d  f r o m  24 to  3 0 ‰  r e s p e c t i v e l y .  A t  9 :0 0  in  th e  m o r n i n g ,  f i s h  
w e r e  f e d  w i th  th e  c o m p o u n d  f e e d  f o r m e d  in  th e  s h a p e  o f  n o o d le s  b y  
p r e s s i n g  th r o u g h  50  m l  n y lo n  s y r i n g e s .  T h e  f e e d in g  w a s  r e p e a t e d  e v e r y  
2 . 5  h r s ,  t o t a l in g  f o u r  t i m e s  e a c h  d a y .  T h e  a q u a r i a  w e r e  c l e a n e d  
e v e r y  tw o  d a y s  a n d  o n c e  in  e v e r y  tw o  w e e k s  t he  b o d y  w e ig h t  o f  
e x p e r i m e n t a l  f i s h  w a s  t a k e n  a f t e r  a n e s t h e s i z i n g  in  1 .0  p p m  M S -2 2 2  
s o lu t io n .
T e s t  d i e t s
T h e  m a i n  c o n s t i t u e n t s  o f  t e s t  d i e t s  a r e  v i t a m i n - f r e e  c a s e i n  o f  
D ifc o  L a b o r a t o r y  ( U .S .A . ) a n d  v i t a m i n - f r e e  g e l a t i n  o f  th e  M a th e s o n  
C o m p a n y  I n c .  ( U .S .A ) .  M i n e r a l  m i x t u r e  a n d  v i t a m in  m i x t u r e  w e r e  
a d d e d  a s  r e c o m m e n d e d  f o r  c h in o o k  s a lm o n  H a l v e r ,  (1 9 7 5 )  e x c e p t  t h a t  th e  
a m o u n t  o f  v i t a m in  a d d e d  w a s  d o u b le d .  In  m a k in g  th e  t e s t  d i e t s ,  v i t a m i n -  
f r e e  c a s e i n ,  d e x t r i n ,  m i n e r a l  m i x t u r e ,  v i t a m i n  m i x t u r e ,  a m in o  a c i d s  
a n d  c a r b o x y m e th y l  c e l l o l o s e  w e r e  m ix e d  in  m o r t a r  f i r s t  a n d  t h e n  
o i l  a n d  s o lu t io n  o f  v i t a m i n - f r e e  g e l a t i n  in  w a t e r  w e r e  a d d e d .  T h e  



















































R e s u l t s  a n d  D i s c u s s i o n
E x p e r i m e n t  on  p r o t e i n
T h e  e f f e c t  o f  v a r i o u s  p r o t e i n  on  th e  g r o w th  o f  y o u n g  m i l k f i s h  w a s  
i n v e s t i g a t e d .  T h e  c o m p o s i t i o n  o f  f iv e  t e s t  d i e t s  in c lu d in g  v a r i o u s  c o n te n t s  
o f  v i t a m i n - f r e e  c a s e i n  a n d  v i t a m i n - f r e e  g e l a t i n  a s  p r o t e i n  s o u r c e s  f o r  
t h i s  e x p e r i m e n t  i s  g iv e n  in  T a b le  1. E a c h  d i e t  h a d  a  t o t a l  o f  60%  
p r o t e i n  c o n te n t .
G ro w th  o f  y o u n g  m i l k f i s h  t h a t  f e d  o n  t h e s e  f iv e  t e s t  d i e t s  f o r  36 
d a y s  i s  s h o w n  in  T a b le  2 a n d  i l l u s t r a t e d  in  F i g .  1 .  T h e r e  w a s  b e s t  
g r o w th  o f  f i s h  in  L o t 1 t h a t  f e d  o n  d i e t  w i th  o n ly  v i t a m i n - f r e e  c a s e i n  
a s  p r o t e i n  s o u r c e .  T h e  h i g h e r  th e  c o n te n t  o f  v i t a m i n - f r e e  g e l a t i n  in  
th e  t e s t  d i e t  w a s , th e  p o o r e r  th e  g r o w th  o b ta in e d .  T h e  p r o b a b l e  r e a s o n  
m ig h t  b e  t h a t  g e l a t i n  w a s  h a r d  f o r  y o u n g  m i lk f i s h  to  d i g e s t  o r  t h a t  th e  
a m in o  a c id  im b a la n c e  in f lu e n c e d  th e  g r o w th  r a t e  o f  m i lk f i s h  in  th e  
p r e s e n c e  o f  g e l a t i n .
E x p e r i m e n t  o n  f a t
T h e  e f f e c t  o f  d i f f e r e n t  s o u r c e s  o f  f a t  in  th e  t e s t  d i e t  o n  th e  g r o w th  
o f  y o u n g  m i l k f i s h  w a s  i n v e s t i g a t e d .  T h e  t e s t  d i e t  c o n s i s t i n g  o f  v i t a m i n -  
f r e e  c a s e i n ,  v i t a m i n - f r e e  g e l a t i n ,  v i t a m in  m i x t u r e ,  m i n e r a l  m i x t u r e  a n d  
d e x t r i n  w a s  s u p p le m e n te d  w i t h  10% f a t .  S ix  t e s t  d i e t s  w i th  v a r i o u s  
a m o u n t  o f  s h a r k  l i v e r  o i l  a n d  s o y b e a n  o i l  w e r e  m a d e  ( T a b l e 3 . )  f o r  
t h i s  e x p e r i m e n t .
D a ta  o n  th e  g r o w th  o f  y o u n g  m i l k f i s h  fe d  o n  t h e s e  s ix  t e s t  d i e t s  
f o r  36  d a y s  i s  t a b u l a t e d  in  T a b le  4 a n d  i l l u s t r a t e d  in  F i g .  2 . T h e  b e s t  
g r o w th  w a s  o b s e r v e d  in  L o t  6 o f  th e  d i e t  w i th  o n ly  s o y b e a n  o i l  a s  f a t  
s o u r c e .  P o o r e r  g r o w th  r e s u l t e d  w h e n  f e d  w i th  l o w e r  c o n te n t  o f  soybean 
o i l  a n d  h i g h e r  c o n te n t  o f  s h a r k  l i v e r  o i l .  T h e  w o r s t  g r o w th  o f  f i s h  w a s  
o b s e r v e d  in  L o t  10 f e d  o n  th e  t e s t  d i e t  c o n ta in in g  o n ly  s h a r k  l i v e r  o i l  
a s  th e  f a t  s o u r c e .  T h e  l o n g e r  th e  t e r m  f o r  f e e d in g ,  th e  s lo w e r  th e  
g r o w th  r a t e  w a s .  In  L o t s  9 a n d  10 w i th  h i g h e r  c o n te n t  o f  s h a r k  l i v e r  
o i l ,  30%  o f  e x p e r i m e n t a l  f i s h  s h o w e d  i n ju r y  o f  f in s  a f t e r  b e in g  r e a r e d  
f o r  36 d a y s .  T h i s  m a y  p r o b a b ly  b e  d u e  to  th e  d e f i c i e n c y  o f  e s s e n t i a l  
f a t ty  a c i d s  o r  p o is o n o u s e f f e c t  o f  p e r o x i d e  o f  s h a r k  o i l  l i v e r .
T h e  f a t  r e q u i r e m e n t  u s u a l l y  d i f f e r s  in  d i f f e r e n t  s p e c i e s  o f f i s h .  
F o r  e x a m p le , H a l v e r  (1 9 5 7 )  fo u n d  t h a t  c o r n  o i l  w a s  b e s t  f o r  c h in o o k  
s a lm o n ,  w h i le  c o m p o u n d  o f  c o r n  o i l  a n d  f i s h  l i v e r  o i l  w a s  fo u n d  b e s t  



















































T a b le  1 . C o m p o s i t io n  o f  t h e  t e s t  d i e t s  in  e x p e r i m e n t s  w i th  p r o t e i n
L o t  N o .
I n g r e d i e n t s
1 2 3 4 5
V i t a m i n - f r e e  c a s e i n 56 51 46 41 36
V i t a m i n - f r e e  g e l a t i n 0 5 10 15 20
S o y b e a n  o i l 8 8 8 8 8
S h a r k  l i v e r  o i l 2 2 2 2 2
V i t a m i n  m i x t u r e 4 4 4 4 4
M i n e r a l  m i x t u r e 4 4 4 4 4
D e x t r i n 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5
L  T r y p to p h a n 0 .5 0 .5 0 .5 0 .5 0 .5
L - C y s t i n e 1 1 1 1 1
C a r b o x y m e th y l  c e l l u l o s e 10 10 10 10 10
W a te r 2 00 2 0 0 2 0 0 2 0 0 2 0 0
* V i t a m i n - f r e e  c a s e i n  w a s  u s e d  a s  c a r r i e r  f o r  v i t a m i n  m i x t u r e  a n d  t h e  
a m o u n t  o f  v i t a m i n  m i x t u r e  a d d e d  to  e a c h  d i e t  w a s  th e  s a m e  a s  



















































T a b le  2 .  G r o w th  o f  y o u n g  m i l k f i s h  in  e x p e r i m e n t  w i th  p r o t e i n .
L o t  n o .
N u m b e r  
o f  f i s h
A v e r a g e  b o d y  w e ig h t  (g) G r o w th  r a t e  
(%)I n i t i a l F i n a l
1 25 1 .6 5  ±  0 . 64 3 .0 9  ±  0 .9 0 8 6 .9 3
2 25 1 .7 7  ±  0 . 64 2 .7 0  ±  0 .9 6 5 2 .1 9
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ±  0 .8 5 5 8 .2 2
4 25 1 .5 9  ±  0 . 49 2 .7 6  ±  0 .9 9 7 3 .8 0



















































T a b le  3 . C o m p o s it io n  o f th e  te s t  d ie ts  in  e x p e r im e n t w i th  fa t .
L o t  N o . 
In g re d ie n ts
6 3 7 8 9 10
V ita m in - f r e e  c a s e in 46 46 46 46 46 46
V ita m in - f r e e  g e la t in 10 10 10 10 10 10
Soybean o i l 10 8 6 5 2 0
S h a rk  l i v e r  o i l 0 2 4 5 8 10
V ita m in  m ix tu re 4 4 4 4 4 4
M in e r a l m ix tu re 4 4 4 4 4 4
D e s tr in 1 4 .5 14 .5 14 .5 14 .5 1 4 .5 1 4 .5
L -T ry p to p h a n 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5
L -C y s t in e 1 1 1 1 1
C a rb o x y m e th y l c e llu lo s e 10 10 10 10 10 10
W a te r 200 200 200 200 200 200
V ita m in - f r e e  c a s e in  w as used as c a r r ie r  f o r  v i ta m in  m ix tu re  and the  
a m o u n t o f v i ta m in  m ix tu re  added to  each d ie t  w as the  sam e 


















































T a b le  4 .  G ro w th  o f y o u n g  m i l k f i s h  in  e x p e r i m e n t  w i th  f a t .
L o t  N o .
N u m b e r  
o f  f i s h
A v e r a g e  b o d y  w e ig h t  (g) G r o w th  r a t e
(%)I n i t i a l F i n a l
6 25 1 .7 4  ±  0 .4 8 2 .7 9  ±  0 .9 8 5 9 .8 8
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ±  0 .8 5 5 8 .2 2
7 25 1 .5 9  ±  0 .4 6 2 .4 1  ±  0 .9 2 5 1 .1 9
8 25 1 .6 3  ±  0 .4 9 2 .2 5  ±  0 .8 6 3 8 .3 7
9 25 1 .3 8  ±  0 .3 1 2 .0 3  ±  0 .4 5 4 6 .7 8



















































F ig . 1 Body w e igh t ga in  in  va rio u s  
lo ts  o f experim ent on p ro te in .
F ig . 2 Body w e igh t ga in  in  v a rio u s  



















































(1 9 7 1 )  r e s p e c t i v e l y .  T h e  g r o w th  o f  b o th  r a in b o w  t r o u t  ( M c L a r e n  e t  a l . , 
1 9 4 7 ) a n d  y e l l o w t a i l  ( T s u k a h a r a  e t  a l . , 1 9 6 7 ) w a s  n o t  g o o d  w h e n  f e d  
w i th  c o r n  o i l  a lo n e  a s  th e  f a t  s o u r c e  b u t  c o u ld  b e  i m p r o v e d  w i th  
s u p p le m e n t  o f f i s h  l i v e r  o i l ,  Y o n e  e t  a l .  (1 9 7 1 )  fo u n d  t h a t  s e a  b r e a m  
g r e w  w e l l  w i th  f i s h  l i v e r  o i l  a s  i t s  o n ly  f a t  s o u r c e .  H o w e v e r ,  th e  
p r e s e n t  e x p e r i m e n t  d e m o n s t r a t e d  t h a t  s o y b e a n  o i l  w a s  q u i te  g o o d  f o r  
th e  g r o w th  o f  y o u n g  m i l k f i s h .
E x p e r i m e n t  o n  v i t a m i n  m i x t u r e  a n d  m i n e r a l  m i x t u r e
In  o r d e r  to  s tu d y  th e  e f f e c t  o f  v i t a m i n  m i x t u r e  a n d  m i n e r a l  
m i x t u r e  o n  th e  g r o w th  o f  y o u n g  m i l k f i s h ,  th e  e x p e r i m e n t  w a s  d o n e  b y  
f o l lo w in g  th e  p r e s c r i p t i o n  o f  H a l v e r  (1 9 5 7 )  o n  c h in o o k  s a lm o n .  A s  
s h o w n  in  T a b le  5 , f o u r  t e s t  d i e t s  c o n ta in in g  v a r i o u s  q u a n t i ty  o f v i t a m i n  
m i x t u r e  r a n g i n g  f r o m  0% to  6% a n d  f iv e  t e s t  d i e t s  c o n ta in in g  v a r i o u s  
q u a n t i ty  o f  m i n e r a l  m i x t u r e  r a n g i n g  f r o m  2% to  10% w e r e  t e s t e d .
T h e  r e s u l t s  o b ta in e d  a f t e r  r e a r i n g  f o r  36 d a y s  s h o w e d  t h a t  y o u n g  
m i l k f i s h  g r e w  b e t t e r  a s  th e  v i t a m i n  m i x t u r e  c o n te n t  w a s  i n c r e a s e d  
u p  to  4% b u t  th e  g r o w th  r a t e  w a s  l o w e r  w h e n  i n c r e a s e d  to  6% . T h e  
r e t a r d a t i o n  o f  a p p e t i t e  a n d  b o d y  w e ig h t  s t a r t e d  o n  th e  1 2 th  d a y  in  
L o t  11 w h ic h  w e r e  f e d  o n  th e  v i t a m i n - f r e e  t e s t  d i e t .  I t  w a s  fo l lo w e d  
b y  h ig h  m o r t a l i t y  w h ic h  i n c r e a s e d  to  50%  o n  th e  3 6 th  d a y .  T h e  r e s u l t  
i s  p r e s e n t e d  in  T a b le  6 a n d  i l l u s t r a t e d  in  F i g .  3 .
A s  h a s  b e e n  n o te d  in  th e  p r e s e n t  e x p e r i m e n t ,  y o u n g  m i l k f i s h  
s h o w e d  lo w  a p p e t i t e ,  d e c r e a s e d  b o d y  w e ig h t  a n d  h ig h  m o r t a l i t y  w h e n  
v i t a m i n  in  d i e t  w a s  i n s u f f i c i e n t .  A l th o u g h  v i t a m in  i s  e s s e n t i a l  f o r  
f i s h  n u t r i t i o n ,  i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  o v e r d o s e  o f  v i t a m in  i s  n o t  
o f  a n y  u s e .
T h e  r e s u l t  o f  e x p e r i m e n t s  c o n d u c te d  o n  th e  r e q u i r e m e n t  o f 
m i n e r a l  m i x t u r e  i s  p r e s e n t e d  in  T a b le  6 a n d  i l l u s t r a t e d  in  F i g .  4 .  
T h e r e  w a s  n o  r e m a r k a b l e  d i f f e r e n c e  in  g r o w th  a m o n g  y o u n g  m i l k f i s h  
f e d  o n  th e  d i e t  c o n ta in in g  v a r i o u s  q u a n t i t y  o f  m i n e r a l  m i x t u r e .  O n ly  
f r o m  L o t  17 w a s  o b ta in e d  a n d  s o  i t  s e e m e d  t h a t  10% m i n e r a l  m i x t u r e  
w o u ld  b e  b e n e f i c i a l  f o r  y o u n g  m i l k f i s h .
I t  i s  w e l l  k n o w n  ( P h i l l i p s ,  1 9 5 9 ), t h a t  f i s h  g e t  th e  n e c e s s a r y  
m i n e r a l s  f r o m  e n v i r o n m e n t a l  w a t e r s  t h r o u g h  g i l l s  a n d  s k in .  S u c h  
c a p a c i t y , h o w e v e r ,  v a r i e s  f r o m  s p e c i e s  to  s p e c i e s .  W o lf  (1 9 5 1 )  fo u n d  



















































T a b le  5 . C o m p o s i t i o n  o f t h e  t e s t  d i e t s  in  e x p e r i m e n t  w i th  v i t a m in  m i x t u r e  
a n d  m i n e r a l  m i x t u r e .
E x p e r i m e n t  o f  v i t a m i n  m i x t u r e E x p e r i m e n t  o f m i n e r a l  m i x t u r e
L o t  N o . 11 12 3 13 14 3 15 16 17
I n g r e d i e n t s
V i t a m i n - f r e e  
c a s e i n 50 4 8 46 44 46 46 46 4 6 4 6
V i t a m i n - f r e e  
g e l a t i n 10 10 10 10 10 10 10 10 10
S o y b e a n  o i l 8 8 8 8 8 8 8 8 8
S h a r k  L i v e r  o i l Z Z Z Z Z Z Z Z Z
V i ta m in  
m ix tu r e * 0 2 4 6 4 4 4 4 4
M i n e r a l  
m i x t u r e 4 4 4 4 Z 4 6 8 10
D e x t r i n 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 6 .5 1 4 .5 12 .5 1 9 . 5 8 .5
L - T r y p to p h a n 0 .5 0 .5 0 .5 0 .5 0 . 5 0 .5 0 .5 0 .5 0 .5
L - C y s t i n e 1 1 1 1 1 1 1 1 1
C a r b o x y m e th y l  
c e l l u l o s e 10 10 10 10 10 10 10 10 10
W a te r 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
*V i t a m i n - f r e e  c a s e i n  w a s  u s e d  a s  c a r r i e r  f o r  v i t a m i n  m i x t u r e  a n d  th e  
a m o u n t  o f v i t a m in  m i x t u r e  a d d e d  to  e a c h  d i e t  w a s  t h e  s a m e  a s  



















































T a b le  6. G ro w th  o f young m i lk f is h  in  e x p e r im e n t w i th  v i ta m in  m ix tu re  
and m in e r a l m ix tu r e .
L o t  N o .
N u m b e r 
o f f is h
A v e ra g e  bod y  w e ig h t (g) G ro w th  ra te  
(%)I n i t ia l F in a l
E x p e r im e n t 
o f v ita m in  
m ix tu re
11 25 1 .8 5  ±  0 .6 2 — —
12 25 1 .6 2  ±  0 .31 2 .3 2  ± 0 .5 7 4 3 .5 6
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ±  0 .8 5 58 .22
13 25 1 .6 0  ±  0 .45 2 .2 1  t  0 .6 9 3 7 .8 6
E x p e r im e n t 
o f m in e r a l 
m ix tu re
14 25 1 .3 4  ±  0 .1 8 2 .1 5  t  0 .4 8 6 0 .3 2
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ± 0 .8 5 5 8 .2 2
15 25 1 .5 3  ±  0 .3 9 2 .3 1  ± 0 .7 0 5 0 .5 8
16 25 1 .5 9  ±  0 . 60 2 .4 2  t  0 .9 4 52 .01



















































F ig . 3 Body w e igh t ga in  in  v a r io u s  lo ts  
o f experim ent on v ita m in  m ix tu re .
F ig . 4 Body w e igh t ga in  in  v a r io u s  lo ts  



















































f o r  a  lo n g  p e r i o d  o f  23 w e e k s .  O n th e  c o n t r a r y ,  A r a i  e t  a l .  (1 9 7 1 ) 
r e p o r t e d  th e  s y n d r o m e  o f  lo w  a p p e t i t e  h i n d e r e d  g r o w th  a n d  h ig h  
m o r t a l i t y  in  e e l  f e d  o n  m i n e r a l - d e f i c i e n t  d i e t  in  th e  s e c o n d  w e e k .  
T h e y  o b ta in e d  b e s t  g r o w th  in  th e  g r o u p  f e d  w i th  8% m i n e r a l  m i x t u r e .  
Y o u n g  m i l k f i s h  r e q u i r e d  a p p r o x i m a t e l y  10% m i n e r a l  m i x t u r e  in  d i e t ,  
c lo s e  to  t h a t  fo u n d  in  e e l .
E x p e r i m e n t  o n  s u p p le m e n t  o f  a m in o  a c i d s
I t  i s  n o te d  in  th e  e x p e r i m e n t  o n  p r o t e i n  t h a t  m i l k f i s h  g r e w  w e l l  
w h e n  f e d  o n  th e  d i e t  w i th  v i t a m i n - f r e e  c a s e i n  a s  th e  o n ly  p r o t e i n  
s o u r c e .  F o r  d e m o n s t r a t i o n  th e  e f f e c t  o f v i t a m i n - f r e e  c a s e i n  s u p p le m e n te d  
w i th  c r y s t a l l i n e  L - a m i n o  a c id ,  s e v e n  t e s t  d i e t s  w i th  v a r i o u s  a m o u n t  
o f  t r y p to p h a n ,  c y s t i n e ,  m e th io n in e  a n d  t h r e o n i n e  a s  s h o w n  in  T a b le  7 
w e r e  t e s t e d .
T h e  e x p e r i m e n t  w a s  c o n d u c te d  f o r  28 d a y s  a n d  i t  w a s  fo u n d  
t h a t  a l l  g r o u p s  w i th  s u p p le m e n ta r y  a m in o  a c i d  h a d  b e t t e r  g r o w th  th a n  
th o s e  w i th o u t  i t  ( T a b le  8 a n d  F i g .  5 ) . E s p e c ia l ly ,  f i s h  in  L o t  21 w i th  
0 .5 %  t r y p to p h a n  s h o w e d  th e  m o s t  s a t i s f a c t o r y  g r o w th .  F r o m  t h e s e  
r e s u l t s ,  i t  i s  b e l i e v e d  t h a t  th e  a m in o  a c id  b a la n c e  w o u ld  b e  m o r e  
s u i t a b le  f o r  y o u n g  m i l k f i s h  a f t e r  th e  s u p p le m e n t  o f t r y p to p h a n  m a d e  
th e  t r y p t o p h a n  c o n te n t  in  c a s e i n  m o r e  c o m p l e t e .  L o ts  19, 20 a n d  23 
s h o w e d  a  d e c r e a s e d  e f f e c t  o f  s u p p le m e n t in g  w i th  0 .5 %  t r y p to p h a n  a n d  
a d d i t i o n a l  c y s t i n e ,  m e t h i o n in e  a n d  t h r e o n i n e  t h a t  m ig h t  h a v e  c h a n g e d  
th e  a m in o  a c id  b a l a n c e .  S i m i l a r  r e s u l t  w a s  r e p o r t e d  b y  A r a i  e t  a l .  
(1 9 7 1 )  in  t h e i r  s tu d y  o n  t e s t  d i e t  f o r  e e l .  T h e r e  w a s  s ig n i f i c a n t  
i n c r e a s e  o f  e e l  g r o w th  w h e n  f e d  on  th e  d i e t  c o n ta in in g  c a s e i n  a n d  
g e l a t i n  a s  p r o t e i n  s o u r c e s  s u p p le m e n te d  w i th  0 .5 %  t r y p t o p h a n  a n d  1% 
c y s t i n e .  H o w e v e r ,  a n  a d d i t i o n a l  0 .5 %  th r e o n in e  a n d  1% m e th o n in e  
s h o w e d  th e  b a d  e f f e c t  o n  i t s  g r o w th .
F r o m  th e  r e s u l t s  o b t a in e d  in  a b o v e  e x p e r i m e n t s ,  a  p u r i f i e d  
t e s t  d i e t  c o n s i s t i n g  o f  v i t a m i n - f r e e  c a s e i n  60% , L - t r y p t o p h a n  0 .5 % , 
s o y b e a n  o i l  10% , v i t a m i n  m i x t u r e  4% , m i n e r a l  m i x t u r e  10% , c a r b o h y d r a t e  
a n d  o t h e r s  16% w a s  s u g g e s t e d  f o r  y o u n g  m i l k f i s h .
A c k n o w le d g e m e n ts
T h i s  s tu d y  w a s  s u p p o r t e d  b y  th e  N a t io n a l  S c ie n c e  C o u n c i l .  W e 
g r a t e f u l l y  th a n k  a l l  th e  m e m b e r s  o f  T u n g k a n g  M a r i n e  L a b o r a t o r y ,  
w e  a r e  e s p e c i a l l y  in d e b te d  to  N . H . C h a o , C . C . T s e n g ,  S . W . L o u  



















































T a b le  7 . C o m p o s i t io n  o f th e  t e s t  d i e t s  in  e x p e r i m e n t  w i th  s u p p le m e n t  
o f  a m in o  a c i d s .
L o t  N o .
I n g r e d i e n t
18 19 20 21 22 23 2 4
V i t a m i n - f r e e  c a s e i n 5 1 .5 50 50 51 5 0 .5 4 9 .5 4 9 .5
S o y b e a n  o i l 10 10 10 10 10 10 10
V i t a m in  m i x t u r e * 4 4 4 4 4 4 4
M i n e r a l  m i x t u r e 10 10 10 10 10 10 10
D e x t r i n 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5
L - T r y p to p h a n 0 .5 0 .5 0 .5 0 .5
L - C y s t i n e 1 1 1
L - M e th io n in e 1 1 1
L - T h r e o n i n e 0 .5
C a r b o x y m e th y l  c e l l u l o s e 10 10 10 10 10 10 10
W a te r 2 0 0 2 0 0 2 0 0 2 0 0 2 00 2 0 0 2 0 0
*V i t a m i n - f r e e  c a s e i n  w a s  u s e d  a s  c a r r i e r  f o r  v i t a m in  m i x t u r e  a n d  th e  
a m o u n t  o f  v i t a m in  m i x t u r e  a d d e d  to  e a c h  d i e t  w a s  th e  s a m e  a s  



















































T a b le  8 . G r o w th  o f y o u n g  m i l k f i s h  in  e x p e r i m e n t  w i th  s u p p le m e n t  o f 
a m in o  a c i d s .
L o t  N o .
N u m b e r  
o f  f i s h
A v e r a g e  b o d y  w e ig h t  (g) G r o w th  r a t e  
(%)I n i t i a l F i n a l
18 20 4 . 0 6  ± 1 .4 5 5 .0 2  ±  1 .6 9 2 3 .6 3
19 20 4 . 1 4  ± 1 .3 4 5 .1 6  ± 1 .6 1 2 4 .7 0
20 20 3 .9 5  ±  1 .2 9 5 .1 8  ±  1 .8 8 3 1 .0 6
21 20 3 . 7 7  ± 1 .3 3 5 .0 6  ±  2 .1 5 3 3 .9 9
22 20 3 .8 9  ±  1 .1 0 4 . 9 4  ±  1 .8 0 2 6 .7 9
23 20 3 .8 2  t  1 .2 5 4 .9 5  ± 1 .6 8 2 9 .5 8



















































F ig . 5 Body w e igh t ga in  in  v a r io u s  
lo ts  o f  experim ent on supplement 
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Working P a p e r  No. 9
A PRELIMINARY REPORT ON THE GONADAL DEVELOPMENT 
OF ADULT MILKFISH, CHANOS CHANOS, REARED IN TANK*
by
I-Chiu Liao and Yea-Sha Chang**
A bstrac t
Milkfish is one of the m ost im portant food fishes in Taiwan. There 
a re  m ore than 16,000 ha of culture a re a  and over 160 millions of fry  a re  
needed for m ilkfish  farm ing industry  every  yea r .  The fry a re  collected 
f ro m  the sea and a lso  im ported from  other countries . However, due to 
seve ra l  environm ental fac to rs ,  the re  is unpredictable fluctuations in the 
occu rrence  of these  wild fry . In recen t y e a r s ,  the demand for milkfish 
fry  has gone up considerably  owing mainly to the fast-grow ing populations, 
the natura l re so u rc e s  being so lim ited  that the re  is insufficient supply of 
stocking m a te r ia ls  of th is  im portant foodfish.
To solve the p rob lem  of shortage of m ilkfish  fry ,  Tungkang Marine 
Labora to ry  s ta r ted  the p re l im in a ry  w ork on a rt if ic ia l  propagation of 
milkfish in 1970. In addition to capturing wild spaw ners , the L abora to ry  
has a lso  been ra is ing  the adult m ilkfish  in tanks for this objective. After 
being re a re d  for six y e a r s ,  one male and one female were d issec ted  on 
11 April 1976. The male had ripe sp erm s; the te s te s  weighing 4.63 g 
with the GSI of 0 .1 2 .  The gonad of the female weighed 21.20 g with the 
GSI of 0 .66 and p a r t  of the ovarian oocytes was found to be at the oil 
droplet (yolk vesic le) s tage . Judging from  the condition of m aturity  of the 
above fem ale , the feasib ility  of ra is ing  ta n k - re a re d  spawners was ensured . 
It is believed that th is  is the f i r s t  a ttem pt on the world and is the prelude 
to successfu l a r t if ic ia l  propagation by using ta n k - re a re d  m ilkfish as 
sp aw n er .
Introduction
The milkfish, Chanos chanos is one of the best cultivable fishes in 
Taiwan, being euryhaline , d isease  re s is ta n t ,  popular and m ost economical 
to grow. There a re  m ore  than 16,000 ha of a re a  under m ilkfish  culture 
in Taiwan. At a stocking density  of 10,000 pe r  h e c ta r e , the annual 
requ irem en t for m ilkfish  fry  exceeds 160 m illion. In addition, the
*C o n tr ib u t io n  A No. 31 fro m  the Tungkang Marine L abora to ry .
**Tungkang Marine L abo ra to ry , Taiwan F ish e r ie s  R esea rch  Institute 



















































d e m a n d  f o r  m i l k f i s h  f r y  is  in c r e a s in g  b e c a u s e  y o u n g  m i l k f i s h  is  fo u n d  to  
be  a n  id e a l l o n g l in in g  b a i t  in  r e c e n t  y e a r s  a n d  a ls o  b e c a u s e  a g r e a t  m a n y  
m i l k f i s h  f r y  a n d  f i n g e r l in g s  o f te n  d ie  o f  f r i g i d  w e a th e r  d u r in g  o v e r w in t e r in g .  
B e s id e s ,  t h e r e  i s u n p r e d ic ta b le  f lu c tu a t io n s  in  th e  o c c u r r e n c e  o f  w i l d  f r y  
d u e  t o  m a n y  e n v i r o n m e n ta l  f a c t o r s  w h ic h  f u r t h e r  l i m i t  th e  q u a n t i t y  o f 
s to c k in g  m a t e r ia ls  o f  m i l k f i s h .
U s u a l ly ,  o n ly  85%  o f  th e  t o t a l  r e q u i r e m e n ts  o f  f r y  in  T a iw a n  is  
c a p tu r e d  f r o m  th e  w i l d .  T h e  d e f ic ie n c y  is  m a d e  up  b y  im p o r t in g  f r y  f r o m  
th e  P h i l ip p in e s  a n d  In d o n e s ia .  R e c e n t ly ,  s u p p ly  o f  s e e d  in  b o th  c o u n t r ie s  
a r e  l im i t e d .  In  1 9 7 4 , o n ly  13% o f  th e  d e m a n d  w a s  c o l le c t e d  in  th e  
P h i l ip p in e s  a n d  m o s t  m i l k f i s h  p o n d s  r e m a in e d  id le  ( S c h m it to u ,  1 9 7 5 ) .  S u c h  
a s e r io u s  d o w n w a rd  te n d e n c y  w i l l  u n d o u b te d ly  b e c o m e  a b ig  p r o b le m  in  
m i l k f i s h  f a r m in g  in d u s t r y .
W i th  a v ie w  to  s u p p ly in g  a n  a d e q u a te  q u a n t i t y  o f  f r y ,  T u n g k a n g  
M a r in e  L a b o r a t o r y  in i t ia t e d  th e  p r e l im i n a r y  w o r k  o n  a r t i f i c i a l  p r o p a g a t io n  
o f  m i l k f i s h  in  1 9 7 0 . In  a d d i t io n  t o  c a p tu r in g  w i ld  s p a w n e r s ,  th e  L a b o r a t o r y  
h a s  b e e n  r a is in g  m i l k f i s h  in  c e m e n t  ta n k s  s in c e  th e n .  A f t e r  b e in g  r e a r e d  
f o r  f i v e  y e a r s ,  one  m a le  a n d  o ne  fe m a le  a d u lt  m i l k f i s h  w e r e  d is s e c te d  on  
13 M a y  1 9 7 5 . A g a in  o n  th e  s ix t h  y e a r  o f  r e a r in g ,  one  m a le  a n d  one  
fe m a le  w e r e  s a c r i f i c e d  o n  11 A p r i l  1 9 7 6 . T h e  r e s u l t s  w e r e  h ig h ly  e n c o u r a ­
g in g .  T h e  m a le  a g e d  f iv e  y e a r s  h a d  m a tu r e  s p e r m .  T h e  g o n a d a l d e v e lo p ­
m e n t o f  th e  fe m a le  o f  s ix  y e a r s  o f  a ge  w a s  m o r e  a d v a n c e d  th a n  th a t  o f 
f i v e  y e a r s .  I t s  g o n a d  w e ig h e d  2 1 ,  20 g w i t h  th e  G S I o f  0 . 6 6 .  P a r t  o f  i t s  
o v a r ia n  o o c y te s  w a s  fo u n d  to  be a t o i l  d r o p le t  ( y o lk  v e s ic le )  s ta g e .
J u d g in g  f r o m  th e  c o n d i t io n  o f  s a id  g o n a d a l d e v e lo p m e n t ,  th e  f e a s ib i l i t y  o f  
r a is in g  t a n k - r e a r e d  m i l k f i s h  a s  s p a w n e rs  a n d  th e  p r o s p e c t  f o r  t h e i r  
s u c c e s s fu l  a r t i f i c i a l  p r o p a g a t io n  a r e  f a i r l y  e n s u re d .
M a t e r ia ls  a n d  M e th o d s
T h e  m a t e r ia ls  f r o m  th e  p r e s e n t  s tu d y  w e r e  w i l d  m i l k f i s h  f r y  
c o l le c te d  in  th e  s h o r e l in e  o f  T u n g k a n g  c o a s t  in  1 9 7 0 , a n d  h a d  b e e n  r e a r e d  
in  c e m e n t  ta n k s  a t T u n g k a n g  M a r in e  L a b o r a t o r y  f o r  f iv e  a n d  s ix  y e a r s .
T w o  h u n d re d  f is h e s  w e r e  r e a r e d  in  a r e c t a n g u la r  c e m e n t ta n k  
(10  m  x  2 0  m  x  1. 5 m  deep ) f o r  th e  f i r s t  t h r e e  y e a r s .  T h i r t y  f is h e s  w e r e  
r a n d o m ly  s e le c te d  f r o m  th e s e  a n d  t r a n s f e r r e d  to  a ro u n d  c e m e n t  ta n k  
( 8 .2 5  m  in  d ia m e t e r ,  a n d  1 .5  m  in  d e p th )  ( P la te  I - 1 ) . In  th e  f i f t h  y e a r ,  
o ne  p a i r  o f  f is h e s  w e r e  d is s e c te d  f o r  in v e s t ig a t io n  on  g o n a d a l d e v e lo p m e n t .  
A g a in ,  tw e n ty  f is h e s  w e r e  c h o s e n  a n d  c o n t in u e d  to  be  r e a r e d  in  ro u n d  



















































T h e  f is h e s  w e r e  fe d  d a i l y  i n  th e  m o r n in g  w i t h  a  c o m p o u n d  fe e d ,  th e  
c o m p o s i t io n  o f  w h ic h  i s g iv e n  i n  T a b le  1 . T h e  a m o u n t  g iv e n  w a s  ju s t  
s u f f i c ie n t  f o r  t h e i r  s a t ia t io n .
A e r a t io n  w a s  p r o v id e d  th r o u g h o u t  th e  r e a r in g  p e r io d  a n d  w a t e r  w a s  
p la c e d  w h e n  n e c e s s a r y .  T h e  r e p la c e m e n t  w a s  m a d e  m o r e  f r e q u e n t ly  in  
s u m m e r  b e c a u s e  o f  th e  f a st  g r o w th  o f  p h y to p la n k to n .  T h e  f lu c t u a t io n  o f  
a v e r a g e  w a t e r  t e m p e r a t u r e  a n d  s a l i n i t y  o f  r e a r in g  w a t e r  in  l a s t  one  a n d  a 
h a l f  y e a r  is  s h o w n  in  F ig .  1 . T h e  w a t e r  t e m p e r a t u r e  ra n g e d  f r o m  1 9 .2  
t o  2 9 .8 ° C  a n d  s a l i n i t y  f r o m  1 5 .7 8  to  3 1 .1 8  ‰ .
T a b le  1 . C o m p o s i t io n  o f  c o m p o u n d  fe e d .
F e e d s tu f f
F is h  
m e a l
R ic e  
b r a n Y e a s t
S o y  
b e a n
W h e a t 
f l o u r
S o y  b e a n  
o i l
M u l t ip le  
v i t a m in s



















































F ig .  1 The f l u c t u a t io n  o f  a ve ra g e  w a te r  te m p e ra tu re  and 



















































Two p a irs  of m ilkfish w ere  h a rv ested  re sp ec tiv e ly  on 13 May 1975 
and 11 April1 1976 (P late  2-1). The ex te rnal m orphology and genital pores 
w ere carefu lly  observed to  d istingu ish  the m ale from  the fem ale . They 
w ere  then sac rif ice d . M easurem ent of body weight and body length was 
made before d issec tio n  and gonadal weight was a lso  d e te rm in ed . The 
gonad was fixed in Bouin 's  fluid and stained with Dela f ield 's  hem atoxylin  
and e o s in fo r h isto log ical study.
R esults
The sex of m ilk fish was fa ir ly  hard  to  be d istinguished by th e ir  
ex te rn a l c h a ra c te r is tic s  as rep o rted  by Tam pi (1957). Both during 1975 
and 1976 a p a ir  of m ilk fish  could be selected  with g rea t difficulty  and 
confirm ation made only a fte r  the d issec tio n .
The ovaries  or te s te s  of m ilkfish  a re  m ore or le ss  sy m m etrica lly  
developed, being suspended in coelom ic cavity by m e so v a rium or m e so r ­
ch ium which connects th e ir  d o rsa l inner side with the peritonea l w ail.
The ovary consists of num erous ovigerous lam ellae  w here ovarian  
oocytes a re  p re s e n t . The inner side of ovaries is surrounded  with fibrous 
ovarian  w ail w hereas ovigerous lam ellae  on outer side a re  exposed in 
coelom . As shown in Table 2 and P la te s  1-3 and 1-5, the ovary of adult 
m ilkfish  aged five y e a rs  weighed 6 .99  g with the GSI of 0 .23  and m ost of 
the ovarian  oocytes observed from  the h isto log ical section  of the ovary 
w ere found at the p r im a ry  stage . Only 0.54% of the ovarian  oocytes in 
the p re sen t study w ere  at oil d rop le t (yolk vesic le) stage (Yamamoto et al . ,  
1965; H ayashi, 1975) and the re s t  (99.46% w ere  s till at p eri-nuc leo lu s 
stage o r even a t the ch rom atin -nucleo lus stage . The ovary of the tank- 
re a re d  m ilkfish  aged six  y e a rs  weighed 21.20 g with the GSI of 0 .6 6 . 
The ovary was yellow ish orange in col or with d istinc tly  sep ara te  eggs. The 
biggest ones m easu red  0 .4  m m  in d ia m e te r. H istological study of ovarian  
section  showed that 8.41% of the ovarian  oocytes w ere  at oil d rop le t (yolk 
v esic le ) stage and with som e ex tra  sm all eosinophilic g ranu les while the 
r e s t  (91.59%) w ere  at the p e r i-nucleolus stage or even at the e a r l ie r  stage . 
In o ther w ords, the ovary of m ilk fish  aged six y ears  is found com paratively  



















































T a b le  2 . G o n a d a l d e v e lo p m e n t  o f  t a n k - r e a r e d  a d u l t  m i l k f i s h .
F is h  
N o . D a te S e x
A g e  
( y r )
B . W .  
(k g )
T . L .  
(c m )
G . W . 
(g ) G S I G o n a d a l d e v e lo p m e n t
1 1 3 - 5 - 7 5 ♀ 5 2 .9 9 7 1 .9 5 6 .9 9 0 .2 3 I m m a t u r e ;  9 9 .4 6 %  o f  
o o c y te s  a t  e a r l i e r  a n d  
p e r i - n u c l e o lu s  s ta g e ;
0 .5 4 %  a t  o i l  d r o p le t  
( y o lk  v e s ic le )  s ta g e .
2 1 3 - 5 - 7 5
♂
5 2 .3 4 6 4 .5 5 0 .9 4 0 .0 4 M a tu r e ;  s p e r m a to g e ­
n e s is  in  p r o c e s s  w i t h  
s p e r m a to c y te s  a t  
v a r io u s  s ta g e s .
3 1 1 - 4 - 7 5 ♀ 6 3 .2 0 7 0 .0 4 2 1 .2 0 0 .6 6 I m m a t u r e ;  9 1 .5 9 %  o f  
o o c y te s  a t  e a r l ie r  
a n d  p e r i - n u c le o lu s  
s ta g e ;  8 .4 1 %  a t o i l  
d r o p le t  ( y o lk  v e s ic le )  
s ta g e .
4 1 1 - 4 - 7 6 ♂ 6 3 .8 9 7 2 .6 7 4 .6 3 0 .1 2 M a tu r e ;  s p e r m a to g e ­
n e s is  in  p r o c e s s  w i t h  
s p e r m a to c y te s  a t 
v a r io u s  s ta g e s .
T h e  te s te s  w e r e  c o v e r e d  w i t h  a l a y e r  o f  t u n ic a  f o r m in g  th e  s m o o th  
s u r f a c e .  T h e  te s te s  a p p e a re d  to u g h ,  f l a t  a n d  g r e y is h  w h i te  i n  c o lo r .  
E a c h  te s te s  c o n s is ts  o f  n u m e r o u s  t e s t i c u la r  lo b u le s  t h a t  h a v e  lu m e n  i n s id e  
a n d  h a v e  s p e r m a to g o n ia  i n  p e r ip h e r a l  z o n e .  A s  s h o w n  i n  P la te s  1 -4  a n d  
1 -6 ,  t h e r e  w e r e  m a tu r e  s p e r m a to z o a  a n d  m a n y  s p e r m a to c y te s  a t  v a r io u s  
s ta g e s  o f  d e v e lo p m e n t  i n  t e s t i c u la r  lo b u le s  o f  m i l k f i s h  a g e d  f iv e  o r  s ix  
y e a r s .  In  f a c t ,  t h e r e  w a s  n o  d is t in c t  d i f f e r e n c e  i n  th e  s ta g e s  o f  m a t u r i t y  
o f  t e s te s  b e tw e e n  f iv e  y e a r s  a n d  s ix  y e a r s  o ld  m i l k f i s h . T h e  o n ly  d i f f e r e n c e  
w a s  t h a t  th e  te s te s  o f  th e  l a t t e r  w e ig h e d  h e a v ie r  th a n  th o s e  o f  th e  f o r m e r .
D is c u s s io n
T a m p i  (1 9 5 7 )  w a s  th e  f i r s t  s c ie n t i s t  t o  r e p o r t  on  t h i s  s u b je c t .  H e  
m a d e  a d e ta i le d  a n d  c le a r  d e s c r ip t io n  o f  th e  s t r u c t u r e  o f  m i l k f i s h  g o n a d .  
C o m p a r in g  w i t h  th e  m o r e  p o p u la r  c la s s i f i c a t io n  o f  g o n a d a l m a t u r i t y  s ta g e s  



















































T h e  ro u n d  c e m e n t  t a n k  
f o r  r e a r in g  th e  a d u l t  m i l k f i s h  
( 8 . 2 5  m  in  d ia m e t e r ,  1 .5  m  in  d e p th )
T h e  a d u l t  t a n k - r e a r e d  m i l k f i s h  
(a b o v e , m a le ;  b e lo w ,  f e m a le )  
a n d  t h e i r  g o n a d s .  
( F i s h  N o .  3 a n d  4  in  T a b le  2)
S e c t io n  o f  th e  o v a r y  o f  F is h  n o .  1 
in  T a b le  2 s h o w in g  th e  s m a l l  o o c y te s  
a t  p r i m a r y  s ta g e .
S e c t io n  o f  th e  t e s t i s  o f  F i s h  
n o .  4  in  T a b le  2 .
O o c y te s  a t  o i l  d r o p le t  ( y o lk  v e s ic le )  
s ta g e  a n d  p e r i - n u c le o lu s  s ta g e  in  th e  
o v a r y  o f  F i s h  n o .  3 in  T a b le  2 .
S e c t io n  o f  th e  t e s t i s  f r o m  F is h  
n o .  2 in  T a b le  2 .
I m m a t u r e  e g g s  ( 0 . 3  0 . 4  m m  
in  d ia m e t e r )  o f  F is h  n o .  3 in  T a b le  2 .
N e a r ly  m a tu r e  e g g s  ( 0 .8 9  x  0 .9 8  
1 .3 2  x  1 .5 0  m m  in  d ia m e t e r )  f r o m  
F i s h  n o .  1 i n  T a b le  3 .



















































d e s c r ib e d  b y  T a m p i  (1 9 5 7 )  i s s o m e w h a t  b r o a d ;  he  c la s s i f ie d  i t  i n to  f o u r  
s ta g e s  d e p e n d in g  o n  th e  d e g re e  o f  d e v e lo p m e n t ,  f o r  h is  c o n v e n ie n c e .  
T a m p i 's  d e s c r ip t io n  i s no t c o m p le te  p r o b a b ly  b e c a u s e  he d id  n o t  c o m e  a c r o s s  
th e  i n te r m e d ia te  s ta g e s .  S in c e  th e r e  i s n o  o th e r  p a p e r  th a t  g iv e s  m o r e  
c o n f i r m a t i v e  a n d  c o m p le te  i n fo r m a t io n  on  th e  g o n a d a l d e v e lo p m e n t  o f  m i l k ­
f i s h ,  th e  c la s s i f i c a t io n  o f  Y a m a m o to  e t  a l .  a n d  H a y a s h i  h a s  b e e n  fo l lo w e d  
i n  th e  p r e s e n t  s tu d y .
O v a r y  o f  m i l k f i s h  i s o f  " g y m n o v a r i an  t y p e "  b u t n o t  " c y s t o v a r i a n  t y p e "  
a s  i n  m o s t  t e le o s t s ,  w h i le  i t s  te s te s  i s ju s t  l i k e  t h a t  o f  o th e r  t e le o s t s ,
T h e  b ig g e s t  o v a r ia n  o o c y te s  o f  f i s h  a g e d  s ix  y e a r s  m e a s u r e d  0 . 4  m m  
i n  d ia m e t e r  a n d  w e r e  fo u n d  a l r e a d y  a t  o i l  d r o p le t  ( y o lk  v e s ic le )  s ta g e  w h e n  
v i t e l lo g e n e s is  w a s  o n g o in g  as  th e  i m p o r t a n t  s te p  to w a r d s  a t t a in in g  m a t u r i t y .  
A s  s h o w n  i n  T a b le  2 , th e  g o n a d a l d e v e lo p m e n t  o f th e  s i x - y e a r  o ld  fe m a le  
m i l k f i s h  w a s  fo u n d  m o r e  a d v a n c e d  th a n  th a t  o f  f i v e - y e a r  o ld  o n e . T h is  
o b s e r v a t io n ,  s u p p o r te d  b y  th e  G S I s tu d y  b y  K u o  e t  a l .  (1 9 7 5 ) ,  s u g g e s ts  th e  
l ik e l ih o o d  o f  th e  o o c y te s  r e a c h in g  s e c o n d a r y  y o lk  s ta g e  o r  t e r t i a r y  y o lk  
s ta g e  i f  t h e y  a r e  r e a r e d  f o r  s e v e r a l  m o r e  m o n th s  i n  c a p t i v i t y .  B y  th a t  
t im e ,  h o r m o n e  t r e a t m e n t  c a n  be g iv e n  b a s e d  on  th e  in f o r m a t io n  o b ta in e d  in  
a n  i n d u c e d  b r e e d in g  o f  g r e y  m u l le t  d o n e  in  t h is  L a b o r a t o r y . K u o  e t  a l .  
(1 9 7 5 )  m e n t io n e d  th a t  r e c e p t iv e  fe m a le s  s h o u ld  h a v e  th e  o o c y te s  o f  th e  
t e r t i a r y  y o lk  s ta g e  b e tw e e n  0 . 7  a nd  0 . 8  m m  in  d ia m e t e r .  F o r  in d u c in g  
b r e e d in g  o f  m i l k f i s h  b y  h o r m o n e  t r e a t m e n t ,  s ix  m i l k f i s h  o f  b o th  s e x e s  
a g e d  s ix  y e a r s  a r e  b e in g  t r e a t e d  w i t h  h o r m o n e * .  T h e  f e a s i b i l i t y  o f  r a is in g  
t a n k - r e a r e d  s p a w n e rs  w i l l  be  f u l l y  a s c e r ta in e d  i f  th e s e  t r e a t e d  fe m a le s  r e a c h  
f u l l y  r ip e  c o n d i t io n .  T h e  s u c c e s s  w i l l  be  a b ig  b r e a k th r o u g h  in  a r t i f i c i a l  
p r o p a g a t io n  o f  m i l k f i s h .
L ia o  (1 9 7 1 ) o b s e rv e d  t h a t  in  c o a s ta l  a r e a  o f  s o u th e r n  T a iw a n ,  w i l d  
m a tu r e  s p a w n e rs  o f  m i l k f i s h  a r e  c a p tu r e d  d u r in g  th e  p e r io d  f r o m  A p r i l  to  
J u n e .  H o w e v e r ,  t h e r e  is  n o  r e c o r d  so  f a r  o f  c a p tu r in g  th e m  in  the f a l l  
m o n th s .  A c c o r d in g  t o  th e  o c c u r r e n c e  o f  w i ld  m i l k f i s h  f r y ,  t h e r e  s h o u ld  
be  tw o  s p a w n in g  s e a s o n s ,  one  in  s p r in g  a n d  th e  o th e r  in  f a l l .  T a m p i  (1 9 5 7 ) 
r e p o r te d  th a t  e a c h  m i l k f i s h  n o r m a l ly  s p a w n s  o n ly  o n ce  a y e a r .  T h e r e f o r e ,  
i t  m ig h t  be  c o n je c tu r e d  th a t  o o c y te s  a t o i l  d r o p le t  ( y o lk  v e s ic le )  s ta g e  in  
A p r i l  o f  th e  s ix - y e a r  o ld  t a n k -  r e a r e d  m i l k f i s h  w o u ld  r e a c h  s e c o n d a r y  
y o lk  s ta g e  o r  e v e n  t e r t i a r y  y o lk  s ta g e  in  f a l l  o f  th e  s a m e  y e a r .  I t  is  
im p o r t a n t  t o  in v e s t ig a te  th e  m o n th ly  g o n a d a l d e v e lo p m e n t  o f  m i l k f i s h  r e a r e d  
in  c a p t iv i t y .
* N o  s ig n i f ic a n t  re s p o n s e  w a s  o b s e rv e d  a f t e r  th e  f i f t h  in je c t io n  on  



















































T a m p i  (1 9 5 7 ) p o in te d  o u t t h a t  th e  a g e  o f  w i l d  fe m a le  m i l k f i s h  a t  
f i r s t  m a t u r i t y  i s r o u g h ly  b e tw e e n  f o u r  a n d  f iv e  y e a r s .  H o w e v e r ,  o u r  
u n p u b l is h e d  d a ta  o n  th e  g o n a d a l d e v e lo p m e n t  o f  t a n k - r e a r e d  m i l k f i s h  a t  
d i f f e r e n t  a g e ,  s h o w e d  th a t  th e  o v a r ia n  o o c y te s  o f  f i s h  u n d e r  f iv e  y e a r s  
d e v e lo p e d  t o  p e r i - n u c le o lu s  s ta g e  o n ly  a n d  o o c y te s  a t o i l  d r o p le t  ( y o lk  
v e s ic le )  s ta g e  s t a r t e d  t o  a p p e a r  a t th e  a g e  o f  f iv e  y e a r s .  A s  n o te d  p r e ­
v io u s ly  b y  L ia o  (1 9 7 1 ) ,  th e  m in im u m  a g e  o f  w i l d  f e m a le  m i l k f i s h  a t  f i r s t  
m a t u r i t y  w a s  f iv e  y e a r s  i n  T a iw a n .  A g e  o f  t a n k - r e a r e d  m i l k f i s h  c a n  be 
c o r r e c t l y  a s c e r ta in e d  b a s e d  o n  th e  d a te  o f  s to c k in g .  H o w e v e r ,  a g e  o f  
c a p tu r e d  f i s h  w a s  d e te r m in e d  f r o m  s c a le  r in g s  a l th o u g h  s o m e  p a r t s  a r e  n o t 
c le a r  e n o u g h  f o r  r e a d in g .  T h e r e f o r e ,  f u r t h e r  s tu d y  i n  t h is  r e s p e c t  i s 
n e e d e d .
T a m p i  (1 9 5 7 )  o b s e rv e d  th a t  th e  s iz e  o f  c a p tu r e d  fe m a le  f i s h  a t  i t s  
s e x u a l m a t u r i t y  i s a b o u t 110 c m  t o t a l  le n g th  a n d  b o d y  w e ig h t  a b o u t 1 1 .0  k g ,  
w h ic h  i s l a r g e r  th a n  t h a t  o b s e rv e d  i n  w i l d  s p a w n e r  i n  T a iw a n  (T a b le  3 ) .  
L ia o  (1 9 7 1 )  a t t r ib u t e d  th e  r e a s o n  th a t  p r o b a b ly  d i f f e r e n t  s p a w n in g  s to c k s  
a r e  t h e r e  i n  M a n d a p a m  a r e a  a n d  T a iw a n  a r e a .  A s  l i s t e d  i n  T a b le s  2 a n d  
3 ,  th e  m e a s u r e m e n ts  o f  t a n k - r e a r e d  s p a w n e rs  w e r e  s m a l le r  th a n  th o s e  o f  
w i l d  o n e s .  T h e s e  d a ta  c o r r e s p o n d  m o r e  t o  t h a t  r e c o r d e d  b y  K u o  e t  a l .  
(1 9 7 5 ) .  A s  l i s t e d  i n  T a b le  4 ,  th e  f i s h  b e in g  r e a r e d  i n  a b ig  p o n d  f o r  tw o  
t o  t h r e e  y e a r s  m e a s u r e d  a lm o s t  th e  s a m e  i n  t o t a l  le n g th  a n d  b o d y  w e ig h t  
a s  th e  f i s h  o f  f iv e  y e a r s  o f  th e  p r e s e n t  s tu d y ,  b u t  g o n a d a l d e v e lo p m e n t  o f  
th e  f o r m e r  w a s  f a r  b e h in d  t h a t  o f th e  l a t t e r .  I t  i s c o n c lu d e d  t h a t  a g e  o f  
f i s h  i s th e  m o r e  i m p o r t a n t  f a c t o r  t o  s e x u a l m a t u r i t y  th a n  i t s  s i z e .
T a b le  3 .  G o n a d  w e ig h t  a n d  G S I o f  f o u r  a d u l t  m i l k f i s h  c a p tu re d  f r o m  th e  
c o a s t  o f  S o u th e rn  T a iw a n .
F is h  
N o . D a te S e x
A g e  
( y r )
B .W . T . L .  
( c m )
G .  W . 
(s ) G S I R e m a r k s
1 5 - 6 - 7 0 ♀ 6 8 .2 0 1 0 4 .0 9 5 0 .0 1 1 .5 9 A lm o s t  m a tu r e  w i t h  
e g g s  0 .8 9  x  0 .9 8  
1 .3 2  x  1 .5 0  m m  
i n  d ia m e t e r ,  c a p ­
t u r e d  f r o m  H e n g -  
C h u n .
2 2 2 - 4 - 7 1 ♀ 5 6 .0 3 8 7 .0 2 0 1 .2 3 .3 4 I m m a t u r e  w i t h  e g g s  
0 .5 4  x  0 .5 9  m m  i n  
a v e r a g e  d ia m e t e r ,  
c a p tu r e d  f r o m  
H e n g -C h u n .
3 9 - 6 - 7 2 ♂ 6 7 .6 9 9 8 .7 4 8 2 .1 6 .2 7 M a t u r e ,  c a p tu re d  
f r o m  N a n - J e n  W a n .
4 1 0 - 4 - 7 4 6 9 . 50 1 0 0 .0 4 1 6 .  5 4 .3 8 M a t u r e ,  c a p tu r e d  



















































T a b le  4 .  G o n a d  w e ig h t  a n d  G S I o f  f o u r  m i l k f is h  c u ltu r e d  i n  p o n d  n e a r  
T u n g k a n g .
F is h  
N o . D a te S e x
A g e  
( y r )
B . W .  
( k g )
T . L .  
(c m )
G .W . 
(g ) G S I
1 3 - 7 - 7 5 2 2 .6 2 6 8 .2 1 .2 3 0 .0 5
2 2 - 8 - 7 5 9 3 2 .1 8 - 1 .9 7 0 .0 9
3 2 - 9 - 7 5 3 2 .9 1 7 1 .3 4 0 .4 7 0 .0 2
4 2 - 9 - 7 5 2 2 .4 2 - 0 .4 4 0 .0 2
B o th  m e a s u r e m e n t  o f  b o d y  le n g th ,  b o d y  w e ig h t  a n d  g o n a d  w e ig h t  a n d  
g o n a d a l d e v e lo p m e n t  o f  t a n k - r e a r e d  s p a w n e rs  ( T a b le  2 ) w e r e  le s s  th a n  th a t  
o f  w i l d  m i l k f i s h  o f  s a m e  a g e  (T a b le  3 ) .  D e v e lo p m e n t  o f  th e  o v a r ia n  o o c y te s  
in  th e  s a m e  t a n k - r e a r e d  s p a w n e r  w e r e  r a t h e r  d iv e r s e  ju s t  a s  i n  c a p t iv e  
g r e y  m u l le t  ( P ie n ,  1 9 7 5 ) a n d  t h i s  m a y  v a r y  th e  e g g  p r o d u c t io n .  I t  m ig h t  
be  c a u s e d  b y  e i t h e r  e c o lo g ic a l  o r  p h y s io lo g ic a l  f a c t o r s .  F u r t h e r  s tu d y  
o n  th e  r e p r o d u c t iv e  e c o lo g y  o f  w i l d  m il k f i s h  i s a ls o  n e e d e d  in  o r d e r  to  
im p r o v e  th e  r e a r in g  te c h n iq u e s  t o  a c c e le r a te  t h e i r  g r o w th  a n d  g o n a d a l 
d e v e lo p m e n t .
A s  s h o w n  in  T a b le  2 , b o th  th e  m a le  m i l k f i s h  a g e d  f iv e  y e a r s  a n d  
s ix  y e a r s  h a d  m a tu r e  s p e r m s ,  b u t  l i t t l e  m i l t  w a s  o b ta in e d  on  s t r ip p in g  
th e  te s te s  o f  th e  l a t t e r  o n ly .  H o w e v e r ,  t h e i r  G S I w a s  m u c h  lo w e r  th a n  
th a t  o f  w i l d  s p a w n e r  (T a b le  3 )  a n d  t h e r e  w a s  v e r y  l im i t e d  a m o u n t  o f  m i l t  
p r o b a b ly  e v e n  n o t  e n o u g h  f o r  th e  e g g s  o f  o n e  f e m a le .  C o n s e q u e n t ly ,  
h o r m o n e  t r e a t m e n t  is  n e e d e d  t o  in d u c e  p r o p e r  d e v e lo p m e n t  a s  w e l l  a s  
m a t u r a t io n  o f  g o n a d  th a t  h a s  re a c h e d  th e  d e v e lo p m e n ta l s ta g e  as  th e  e x p e ­
r im e n t a l  f i s h  in  th e  p r e s e n t  s tu d y .
In  r e c a p i t u la t io n ,  m a le  t a n k - r e a r e d  m i l k f i s h  is  m a tu r e  a t  th e  a g e  
a b o v e  f iv e  y e a r s  a n d  m a y  be  s t r ip p e d  f o r  m i l t  t h r o u g h  th e  h e l p  of  h o r m o n e  
t r e a t m e n t .  A s  f o r  fe m a le  m i l k f i s h  o f  s ix  y e a r s  a g e ,  th e y  a r e  n o t  r ip e  
e n o u g h  t o  be s t r ip p e d  b u t  th e  g o n a d a l d e v e lo p m e n t  is  e n c o u r a g in g .  T h e  
s m a l le r  s iz e  o f  t a n k - r e a r e d  s p a w n e rs  th a n  th e  w i l d  o n e s  m a y  c a u s e  s o m e  
e f fe c t  o n  t h e i r  f e c u n d i t y  b u t  is  a d v a n ta g e o u s  t o  h a n d le  a n d  o p e ra te  in  
a r t i f i c i a l  p r o p a g a t io n .  In  a d d i t io n ,  th e  d o m e s t ic a t io n  o f  t a n k - r e a r e d  
s p a w n e rs  is  a ls o  a n  a d v a n ta g e  in  th e  p r o c e s s  o f  h o r m o n e  t r e a t m e n t .  O n  
th e  c o n t r a r y ,  w i l d  a d u l t  m i l k f i s h  a r e  h ig h ly  e x c i t a b le  a n d  e x t r e m e ly  d i f f i c u l t  
t o  c a p tu re  a n d  h a n d le  w i t h o u t  c a u s in g  s t r e s s  a n d  s h o c k  w h ic h  u s u a l ly  r e s u l t  
in  i n j u r y  a n d  d e a th .  I t  is  c o n c lu d e d  th a t  th e  id e a  to  s t a r t  r a is in g  m i l k f i s h  



















































u n s o lv e d  p r o b le m s  s u c h  a s  im p r o v in g  th e  c o m p o s i t io n  o f  c o m p o u n d  fe e d  
le s t  th e  m i l k f i s h  s h o u ld  be  to o  f a t t y  a n d  f in d in g  o u t a d e p e n d a b le  m e th o d  
t o  d is t in g u is h  th e  m a le  f r o m  th e  fe m a le  a d u l t  m i l k f i s h . I t  i s h o p e d  to  
e s ta b l is h  a n d  c o m p le te  th e  p r o c e s s  o f  a r t i f i c i a l  p r o p a g a t io n  o f  th e  e c o n o ­
m ic a l l y  im p o r t a n t  m i l k f i s h  t h r o u g h  c o n t in u o u s  e f f o r t  i n  th e  n e a r  f u t u r e .
A c k n o w le d g m e n ts
T h e  r e s e a r c h  w a s  s u p p o r te d  i n  p a r t  b y  th e  g r a n t  f r o m  " A c c e le r a t e d  
R u r a l  D e v e lo p m e n t  P r o g r a m " .  O u r  g r a te f u l  a c k n o w le d g m e n t  i s d u e  to  
M r .  T .  P .  C h e n ,  C o n s u lta n t  o f  J C R R ,  M r .  C . T .  C h u e h , C h ie f  o f  
F is h e r ie s  D iv i s io n  o f  J C R R  a n d  M r .  P .  W . Y u a n ,  S e n io r  s p e c ia l i s t  o f  
J C R R  f o r  t h e i r  e n th u s ia s t ic  e n c o u r a g e m e n ts .
D e e p  th a n k s  a r e  a ls o  e x te n d e d  t o  a l l  th e  f o r m e r  a n d  p r e s e n t  m e m b e r s  
o f  T u n g k a n g  M a r in e  L a b o r a t o r y ,  W e a r e  e s p e c ia l ly  in d e b te d  t o  M e s s r s .  
C .  T .  H u a n g , C . S . C h e n g , N . H .  C h a o  a n d  C .  C . T s e n g  f o r  t h e i r  
d e v o t io n a l  h e lp  in  p r e p a r in g  t h i s  p a p e r .
R e fe r e n c e s
H a y a s h i ,  I . 1 9 7 2 . O n  th e  o v a r ia n  m a t u r a t io n  o f  th e  J a p a n e s e  se a  b a s s ,  
L a te o l a b r a x  ja p o n ic u s . J a p a n  J .  I c h t h y o l . ,  1 9 (4 )  : 2 4 3 -2 5 4 .
K u o ,  C . M . ,  C . E .  N a s h  a n d  D .  L in .  1 9 7 5 . R e p r o d u c t iv e  p h y s io lo g y  o f 
im p o r t a n t  f i n f i s h .  T h e  O c e a n ic  I n s t i t u t e  A n n u a l R e p o r t  1 9 7 5 , 2 0 - 2 2 .
L ia o ,  I . C .  1 9 7 1 . N o te  on  s o m e  a d u lt  m i l k f i s h  f r o m  th e  c o a s t  o f  
s o u th e r n  T a iw a n .  A q u ic u l t u r e ,  1 (3 ) : 1 -1 0  ( in  C h in e s e  w i t h  E n g l is h  
a b s t r a c t ) .
P ie n ,  P . C .  1 9 7 4 . H is t o lo g ic a l  s tu d ie s  on t he g o n a d a l d e v e lo p m e n t  o f  
th e  g r e y  m u l le t ,  M u g i l  c e p h a lu s  L in n a e u s .  M a s t e r 's  T h e s is ,  
I n s t i t u t e  o f  O c e a n o g ra p h y ,  C o l le g e  o f  S c ie n c e ,  N a t io n a l  T a iw a n  
U n iv e r s i t y  ( in  C h in e s e ) .
S c h m it to u ,  H . R .  1 9 7 5 . S a b a lo  s p a w n in g .  P r o c e e d in g s  o f  th e  N a t io n a l  
B a n g o s  S y m p o s iu m ,  P u n ta  B a l u a r t e ,  P h i l ip p in e s ,  J u ly  2 5 - 2 8 ,  1 9 7 5 , 



















































T a m p i , P . R . S .  1 9 5 7 . S o m e  o b s e r v a t io n s  on  th e  r e p r o d u c t io n  o f  th e  
m i l k f i sh  C h a n o s  c h a n o s  ( F o r s k a l ) .  P r o c .  In d ia n  A c a d .  S c i . B 4 6  
2 5 4 -2 7 6 .
Y a m a m o to ,  K . ,  I . O o ta ,  K .  T a k a n o ,  a n d  T .  I s h ik a w a .  1 9 6 5 . S tu d ie s  
o n  th e  m a t u r in g  p r o c e s s  o f  th e  r a in b o w  t r o u t ,  S a lm o  ga i r d n e r i i  
i r i d e u s  - -  I . M a t u r a t io n  o f th e  o v a r y  o f  a o n e - y e a r  o ld  f i s h .  
B u l l .  J a p a n .  S o c . S c i .  F i s h . ,  3 1 (2 )  : 1 2 3 -1 3 2  ( i n  J a p a n e s e  w i t h  


















































W orking  P a p e r  N o . 10
A S IM P L E  M ETH O D  F O R  M ONITORING 
TH E SPAW NING A C T IV IT Y  O F  F ISH  IN N E T  EN C LO SU R ES
by
R .C .  M ay, G .S . A k iy am a , and M .T .  S a n t e r r e *
A b s t r a c t
A s im p le  m e th o d  is  d e s c r ib e d  fo r  m o n ito r in g  th e  spaw n ing  a c t iv i ty  
of f i s h  h e ld  in  su sp e n d e d  n e t  e n c lo s u r e s .  T he m e th o d , w h ich  in v o lv es  
an  a i r l i f t  pu m p , h a s  b e e n  u sed  s u c c e s s f u l ly  w ith  th e  th re a d f in ,  
P o ly d a c ty lu s  s e x f i l i s , and  h a s  r e v e a le d  im p o r ta n t  a s p e c ts  of th e  d a ily , 
m o n th ly  an d  y e a r ly  sp aw n in g  rh y th m s  of th is  s p e c i e s .  It is  su g g e s te d  
th a t  th is  a p p ro a c h  m a y  be  u s e fu l in  s tu d ie s  of C hanos c h a n o s .
In tro d u c tio n
In fo rm a tio n  on th e  sp aw n in g  c h a r a c t e r i s t i c s  of a  f is h  s p e c ie s ,  
p a r t i c u l a r ly  th e  n a tu r a l  sp aw n in g  rh y th m , is  e x t r e m e ly  u se fu l w hen  
m e th o d s  a r e  b eing  d e v e lo p ed  fo r  c o n tro l le d  r e p ro d u c t io n .  Such in fo rm a ­
tio n , h o w e v e r , h a s  tra d it io n a lly  b e e n  d if f ic u lt  to  o b ta in . C a tc h e s  of 
r e p ro d u c t iv e ly  a c t iv e  f is h  in  n a tu re  a r e  u s u a lly  d e p en d e n t upon ch a n c e  
p a r t i c u l a r ly  fo r  s p e c ie s  w h ich  spaw n  a t  s e a .  R a r e ly  h a s  i t  b e e n  p o s s ib le  
to  g a th e r  enough  s a m p le s  in  th is  w ay  to  r e v e a l  th e  s m a l l - s c a l e  rh y th m i­
c i ty  of sp aw n ing , su c h  a s  th e  e x a c t t im e  of d ay  o r  t im e  of m o n th  w hen  
sp aw n in g  o c c u r s .  C o n fin e m en t of f i s h  in  ta n k s  m a y  be  u s e fu l f o r  s m a ll ,  
h a rd y  s p e c ie s ,  b u t in the  c a s e  of f is h  su c h  as C hanos ch an o s  w h ich  a r e  
v e r y  la rg e  w h en  s e x u a l ly  m a tu r e ,  c o n fin e m e n t in  ta n k s  m a y  b e  e x tr e m e ly  
s t r e s s f u l ,  o r  m a y  r e q u i r e  s u c h  la r g e  ta n k s  as  no t to  be f e a s ib le  in  m a n y  
in s ta n c e s .  F u r th e r m o r e ,  c e r t a in  n a tu r a l  s t im u li  su c h  a s  t id e s  a r e  
m is s in g  in  ta n k s , and  r e s t r i c t e d  o r  h ig h ly  d i r e c t io n a l  w a te r  flow  and th e  
p r e s e n c e  of w a lls  m a y  in h ib it n o r m a l  a c t iv i t i e s .
A la r g e  su sp e n d e d  n e t e n c lo s u re  is a  m o r e  n a tu r a l  s i tu a t io n  th a n  
a  ta n k . A lth o u g h  th e  l a t t e r  p e r m i t s  o b s e rv a tio n  of th e  f is h , a  n e t 
m a in ta in s  th e  f i s h  in  a  n a tu r a l  body  of w a te r  and a llo w s th e  f r e e  
ex ch a n g e  of a m b ie n t w a te r .  We h av e  found th a t  th e  th re a d f in , 
P o ly d a c ty lu s  s e x f i l is  (C u v ie r  and V a le n c ie n n e s ) , e x h ib its  i t s  n a tu r a l  
sp aw n in g  b e h a v io r  w hen  co n fin ed  in  n e t e n c lo s u r e s .  T h is  led  to  th e  
d is c o v e ry  of a  w e ll-d e f in e d  lu n a r  sp aw n in g  rh y th m  in  th is  s p e c ie s  and 
h a s  e n a b le d  us to  d e fin e  w ith  so m e  p r e c i s io n  th e  t im e  of d ay  w hen



















































s p a w n i n g  o c c u r s  ( M a y ,  1 9 7 6 ; M a y  e t  a l ,  M S ) .  T o  g a t h e r  t h i s  i n f o r m a ­
t i o n ,  w e  d e v e l o p e d  a  s i m p l e  a i r l i f t  e g g  c o l l e c t o r  w h i c h  m a y  b e  e q u a l l y  
a p p l i c a b l e  t o  o t h e r  s p e c i e s  s u c h  a s  C h a n o s  c h a n o s  w h i c h  p r o d u c e  p e l a g i c  
e g g s .  W i t h o u t  s u c h  a n  a p p a r a t u s ,  i t  m a y  b e  i m p o s s i b l e  t o  t e l l  w h e t h e r  
f i s h  k e p t  i n  n e t s  a r e  s p a w n i n g ,  u n l e s s  f r e q u e n t  b i o p s i e s  e n t a i l i n g  m u c h  
h a n d l i n g  a n d  a  g o o d  d e a l  o f  s t r e s s  a r e  m a d e .  W h i l e  t h e  s y s t e m  d e s ­
c r i b e d  h e r e  i s  c e r t a i n l y  n o t  a n  a n s w e r  t o  t h e  p r o b l e m  o f  c o n t r o l l e d  
s p a w n i n g ,  i t  i s  a  s i m p l e  m e a n s  b y  w h i c h  t h e  r e p r o d u c t i v e  a c t i v i t y  o f  
f i s h  c a n  b e  m o n i t o r e d  i n  a  s e m i - n a t u r a l  s i t u a t i o n .  I t  m a y  a l s o  r e v e a l  
a s p e c t s  o f  n a t u r a l  s p a w n i n g  s u c h  a s  l u n a r  r h y t h m i c i t y ,  w h i c h  m a y  b e  
e x t r e m e l y  u s e f u l  i n  t h e  d e v e l o p m e n t  o f  m o r e  c o n t r o l l e d  s p a w n i n g  p r o c e d u r e s .
D e s i g n  a n d  O p e r a t i n g  C h a r a c t e r i s t i c s
T h e  e g g  c o l l e c t o r  c o n s i s t s  o f  t w o  m a j o r  c o m p o n e n t s :  a  c o l l e c t i n g  
b a s k e t  w h i c h  r e t a i n s  t h e  e g g s ,  a n d  a n  a i r l i f t  p u m p  w h i c h  c r e a t e s  a  
c o n t i n u o u s  f l o w  o f  w a t e r  f r o m  t h e  n e t  e n c l o s u r e  i n t o  t h e  b a s k e t  ( F i g .  1 ) .  
T h e  c o l l e c t i n g  b a s k e t  i s  a  c o m m e r c i a l l y  a v a i l a b l e ,  c i r c u l a r  p l a s t i c  p a n  
w i t h  t h e  b o t t o m  c u t  o f f  a n d  r e p l a c e d  w i t h  N i t e x  n y l o n  m e s h .  O b v i o u s l y ,  
t h e  m e s h  s i z e  o f  t h e  N i t e x  s h o u l d  b e  s m a l l e r  t h a n  t h e  d i a m e t e r  o f  t h e  
e g g s  t o  b e  c o l l e c t e d ,  b u t  n o t  s o  s m a l l  t h a t  c l o g g i n g  b e c o m e s  a  p r o b l e m .  
I n  t h e  c a s e  o f  P . s e x f i l i s ,  w h i c h  h a s  e g g s  o f  8 0 0 - 8 2 5  m m  d i a m e t e r ,  
w e  u s e  a  5 0 0  m m  m e s h  i n  t h e  c o l l e c t o r .  T h e  c o l l e c t o r  i s  c h e c k e d  
o n c e  e a c h  d a y  b y  r i n s i n g  t h e  c o n t e n t s  i n t o  a  b u c k e t  a n d  e x a m i n i n g  t h e m  
c l o s e l y  w i t h  a  m i c r o s c o p e  a t  t h e  l a b o r a t o r y .  T h e  m e s h  i s  c l e a n e d  w i t h  
a  b r u s h  a f t e r  e a c h  c o l l e c t i o n  t o  m i n i m i z e  o r  e l i m i n a t e  c l o g g i n g .  A  n e w  
c o l l e c t i n g  b a s k e t  i s  i n s t a l l e d  e v e r y  f e w  w e e k s  a n d  a l g a e  w h i c h  h a s  
a c c u m u l a t e d  i n  t h e  m e s h e s  o f  t h e  o l d  b a s k e t  i s  r e m o v e d  b y  s o a k i n g  i n  
a  h y p o c h l o r i t e  b a t h  a n d  c l e a n i n g  w i t h  a  h i g h - p r e s s u r e  s t r e a m  o f  w a t e r .
T h e  a i r l i f t  p u m p  - -  w h i c h ,  a l o n g  w i t h  t h e  c o l l e c t i n g  b a s k e t ,  i s  
b u o y e d  u p  b y  a  s t y r o f o a m  f l o a t  s u r r o u n d i n g  t h e  l a t t e r  - -  c o n s i s t s  o f  a  
P V C  p i p e  o f  4  c m  d i a m e t e r ,  f i t t e d  w i t h  tw o  P V C  e l b o w s  a t  t h e  t o p  s o  
t h a t  i t  f e e d s  w a t e r  d i r e c t l y  i n t o  t h e  b a s k e t .  W e  g e n e r a l l y  u s e  a n  i n t a k e  
p i p e  w h i c h  i s  9 0  c m  l o n g  ( a b o u t  o n e  t h i r d  t h e  d e p t h  o f  t h e  n e t ) ,  b u t  
t h e  l e n g t h  c a n  b e  v a r i e d  i n  a c c o r d a n c e  w i t h  t h e  d e p t h  o f  w a t e r  a t  w h i c h  
s a m p l i n g  i s  d e s i r e d  ( t h i s  m a y  v a r y  w i th  t h e  f i s h  s p e c i e s  a n d  i t s  s p a w n i ng  
b e h a v i o r ) .  A i r  i s  s u p p l i e d  b y  e i t h e r  a  c o m p r e s s o r  o r  a  b l o w e r  a n d  i s  
i n t r o d u c e d  t h r o u g h  a n  a i r s t o n e  n e a r  t h e  b o t t o m  o f  t h e  i n t a k e  p i p e .  W e  
o r d i n a r i l y  u s e  a n  a i r  s o u r c e ,  a  c o m p r e s s o r  c o n n e c t e d  t o  a n  a i r  s t o r a g e  
t a n k  w h i c h  p r o d u c e s  a  c e r t a i n  c y c l i n g  i n  t h e  r a t e  o f  a i r f l o w  a n d  h e n c e  
t h e  w a t e r  f l o w . T h e  l a t t e r  v a r i e s ,  i n  o u r  i n s t a n c e ,  b e t w e e n  1 0  a n d  











































































































A f t e r  h a v i n g  e s t a b l i s h e d  t h e  t i m e  o f  m o n t h  w h e n  P . s e x f i l i s  s p a w n s  
( M a y ,  1 9 7 6 ;  M a y ,  A k i y a m a ,  a n d  S a n t e r r e ,  M S ) w e  l o o k e d  f o r  a  m e t h o d  
o f  d e t e r m i n i n g  t h e  e x a c t  t i m e  o f  d a y  w h e n  s p a w n i n g  t o o k  p l a c e .  F o r  
t h i s  p u r p o s e ,  w e  i n s t a l l e d  a  h o s e  i n  t h e  n e t  e n c l o s u r e  c l o s e  t o  t h e  
i n t a k e  o f  t h e  a i r l i f t  p u m p  a n d  c o n n e c t e d  i t  t o  a  c e n t r i f u g a l  p u m p  o n  
b o a r d  a  b a r g e  a n c h o r e d  n e x t  t o  t h e  e n c l o s u r e .  I n  t h i s  w a y ,  w e  c o u l d  
p u m p  w a t e r  f r o m  t h e  e n c l o s u r e  i n t o  a  s m a l l  c o l l e c t i n g  b a s k e t  o n  b o a r d  
t h e  b a r g e  w h e r e  o u r  a c t i v i t i e s ,  s h i e l d e d  f r o m  t h e  e n c l o s u r e  b y  t h e  
s u p e r - s t r u c t u r e  o f  t h e  b a r g e ,  d i d  n o t  d i s t u r b  t h e  f i s h .  C o n t i n u o u s  
v i s u a l  m o n i t o r i n g  o f  t h e  b a s k e t  e n a b l e d  u s  t o  p i n p o i n t  a l m o s t  e x a c t l y  
t h e  t i m e  o f  s p a w n i n g  s i n c e  e g g s  i n  t h e  b a s k e t  w e r e  r e a d i l y  a p p a r e n t  
t o  t h e  o b s e r v e r .  B y  e m p l o y i n g  t w o  o b s e r v e r s  w i t h  s y n c h r o n i z e d  w a t c h e s ,  
o n e  m o n i t o r i n g  t h e  c o l l e c t o r  a n d  t h e  o t h e r  o b s e r v i n g  t h e  f i s h  i n  t h e  n e t ,  
i t  w a s  p o s s i b l e  t o  c o r r e l a t e  t h e  p r o d u c t i o n  o f  e g g s  w i t h  c e r t a i n  b e h a v i o r  
p a t t e r n s  w h i c h  w e r e  t h e r e f o r e  t a k e n  t o  b e  t h e  s p a w n i n g  b e h a v i o r  o f  t h e  
s p e c i e s  ( M a y ,  A k i y a m a ,  a n d  S a n t e r r e ,  i n  p r e p a r a t i o n ) . I t  s h o u l d  b e  
s t r e s s e d  t h a t ,  w h e r e a s  t h e  a i r l i f t  p u m p  m a y  d a m a g e  e g g s  s l i g h t l y ,  
i t  n o n e t h e l e s s  a l l o w s  t h e  m a j o r i t y  t o  s u r v i v e  ( M a y ,  A k i y a m a ,  a n d  
S a n t e r r e ,  M S ) .  T h e  c e n t r i f u g a l  p u m p  k i l l s  a l l  e g g s  a n d  h e n c e  i s  
u s e f u l  o n l y  i n  e s t a b l i s h i n g  t h e  t i m e  o f  s p a w n i n g .
S i n c e  t h e  e n c l o s u r e  f o r  t h e  f i s h  i s  m a d e  o f  n e t t i n g ,  o n l y  a  
s m a l l  s a m p l e  o f  s p a w n e d  e g g s  i s  o b t a i n e d  b y  t h e  a i r l i f t  c o l l e c t o r ,  t h e  
v a s e  m a j o r i t y  b e i n g  l o s t  t h r o u g h  t h e  m e s h e s  b y  d i f f u s i o n  a n d  t u r b u l e n c e .  
T h e  a v e r a g e  n u m b e r  o f  e g g s  c o l l e c t e d  b y  t h e  a i r l i f t  o n  p e a k  s p a w n i n g  
d a y s  w a s  a b o u t  2 0 ,  0 0 0  a n d  e s t i m a t e s  o f  t h e  n u m b e r  o f  e g g s  r e l e a s e d  
b y  s i n g l e  P .  s e x f i l i s  f e m a l e s  r a n g e  f r o m  7 0 , 0 0 0  t o  5 0 0 , 0 0 0  ( K a n a y a m a ,  
M S ; M a y  a n d  A k i y a m a ,  u n p u b l i s h e d  d a t a ) .  H e n c e ,  i f  o n l y  o n e  f e m a l e  
s p a w n s ,  t h e  c o l l e c t i o n  e f f i c i e n c y  w o u l d  b e  b e t w e e n  4 %  a n d  2 9 % ; i f  
m o r e  f e m a l e s  s p a w n  o n  a  g i v e n  d a y ,  t h e s e  f i g u r e s  w o u l d  b e  e v e n  
l o w e r .  B a s e d  o n  b e h a v i o r a l  o b s e r v a t i o n s ,  w e  b e l i e v e  t h a t  o n  s o m e  
s p a w n i n g  d a y s  o n l y  s i n g l e  f e m a l e s  r e l e a s e  e g g s  i n  o u r  s i t u a t i o n  b u t  
t h a t  o n  o t h e r  d a y s  t w o  o r  m o r e  f e m a l e s  m a y  r e l e a s e  e g g s .
T h e  p e l a g i c  e g g s  o f  e x t r a n e o u s  f i s h  s p e c i e s  a r e  o c c a s i o n a l l y  
c a u g h t  b y  t h e  c o l l e c t o r .  U s u a l l y  t h e s e  a r e  p r e s e n t  o n l y  i n  v e r y  s m a l l  
n u m b e r s ,  w h i l e  e g g s  p r o d u c e d  b y  t h e  f i s h  i n  t h e  n e t  a r e  o b t a i n e d  b y  
t h e  c o l l e c t o r  in  m u c h  g r e a t e r  a b u n d a n c e .  E g g s  o f  t h e  s p e c i e s  u n d e r  
s t u d y  c a n  a l s o  b e  d i s t i n g u i s h e d  f r o m  e x t r a n e o u s  e g g s  b y  d i a m e t e r  a n d  
o t h e r  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  w h i c h  i n  m a n y  c a s e s  a r e  r e c o r d e d  



















































C o n c l u s i o n s
T h e  a i r l i f t  e g g  c o l l e c t o r  h e r e  d e s c r i b e d  h a s  p r o v e d  u s e f u l  i n  
i n i t i a l  w o r k  o n  c o n t r o l l e d  b r e e d i n g  i n  P o l y d a c t y l u s  s e x f i l i s . I t  h a s  
r e v e a l e d  t h e  m o n t h l y  s p a w n i n g  r h y t h m  o f  t h i s  s p e c i e s ,  a n d  a  m o d i f i ­
c a t i o n  i n v o l v i n g  a  c e n t r i f u g a l  p u m p  h a s  g i v e n  p r e c i s e  d a t a  o n  t h e  t i m e  
o f  d a y  w h e n  s p a w n i n g  o c c u r s .  T h e r e  i s  e v e r y  i n d i c a t i o n  t h a t  t h e  
p a t t e r n  o f  s p a w n i n g  d i s p l a y e d  b y  f i s h  m a i n t a i n e d  i n  t h e  n e t  e n c l o s u r e  
i s  t h e  s a m e  a s  t h a t  o f  f i s h  l i v i n g  i n  n a t u r e  ( M a y ,  A k i y a m a ,  a n d  
S a n t e r r e ,  M S ) .  I n  a d d i t i o n ,  t h e  a i r l i f t  c o l l e c t o r  h a s  p r o v i d e d  e g g s  
w h i c h  w e r e  s u b s e q u e n t l y  h a t c h e d  a n d  u s e d  i n  s t u d i e s  o f  l a r v a l  r e a r i n g  
m e t h o d s .  W e  s u g g e s t  t h a t  a  s i m i l a r  a p p r o a c h  m a y  p r o v e  v a l u a b l e  
i n  t h e  e a r l y  s t a g e s  o f  i n v e s t i g a t i n g  c o n t r o l l e d  b r e e d i n g  i n  o t h e r  f i s h e s  
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Working P ap e r No. 11
PRELIMINARY CAPTURE, HUSBANDRY AND INDUCED 
BREEDING RESULTS WITH THE MILKFISH, 
Chan o s chanos (FORSKAL)
by
Colin E . Nash and Ching-M ing Kuo*
A b strac t
The p ro g ram  objective is  to b reed  the m ilk fish , Chanos chanos 
(F orskal), in captiv ity  and to ra is e  the fry  from  the egg, undertaking 
any re s e a rc h  and developm ent which m ay be n e c e ssa ry  to a tta in  that goal.
In th is , the f i r s t  y e a r  of the p ro jec t, eight very  m atu re  fish  w ere 
cap tured  and deem ed ready for final spawning inducem ent. One fish  
(with eggs 0.818 m m  in d iam ete r) hydrated  and w as p a rtia lly  ovulated 
by two in jections of 25 mg salm on gonadotrophin SG- G100. The eggs 
we re  not fe rtiliz ed . The in jection  p rocedure  or  excessive  handling and 
sam pling of th ree  o th er fish  re su lted  in  e a r ly  a tre s ia  (reabsorp tion) 
of the oocytes. Two fish  died from  the sam pling and handling 
p ro ced u re s , and two proved to be too im m ature  with eggs below 0 .6  m m  
in d iam e te r.
P re lim in a ry  re s u lts  indicate that oocytes of 0 .8  m m  and above 
a re  a t a c r itic a l stage (or beyond) a t w hich im m ediate  hypophysation 
is  needed. Injection cannot be delayed. E xcessive handling o r s tre s s  
a t th is stage causes rap id  a tre s ia  of the oocytes. It ap p ea rs  that 
oocytes of about 0 .7  m m  a re  m ore  suitable for reacting  positively  
to in jec tions. The size of an ovulated egg is  about 1 .2 m m  in d iam e te r.
The level and dose ra te  of SG-G100 used for m u lle t (20 )µ g /g  
body weight) appears  too high fo r the m ilk fish . A dose of betw een 
12 and 15 µg /g  body w eight is  suggested a t p re sen t.
A re s id en t population of adu lts  of vary ing  ages, num bering over 
50 fish , has been assem b led . Some w ere  brought from  the island  
of Hawaii to Oahu by land and sea  involving 18 hours of tra v e l. All 
survived the journey . Consequently a sm all operating sa te llite  
field cen ter has been estab lish ed  on Hawaii.
A. to ta l of 179 dead adult fish have been used  for  future com pilation 
of age, w eigh t/leng th , GSI, scale  and o tolith  da ta . A ll of the sam ples



















































a r e  s t o r e d .  D e t e r m in a t io n  o f  th e  GS I f o r  H a w a i ia n  f i s h  i n d ic a te d  a  
r a p i d  m a t u r a t i o n  o f  o o c y t e s  a n d  s p e r m a t i d s  in  J u n e ,  w i th  a  p e a k  
s p a w n in g  p e r i o d  in  J u ly  a n d  e a r l y  A u g u s t .
A d u l t  f i s h  h a v e  b e e n  p l a c e d  u n d e r  p h o to p e r io d  a n d  t e m p e r a t u r e -  
r e g u l a t e d  c o n d i t io n s  to  p r o m o t e  m a t u r a t i o n  o u t o f  s e a s o n .
G e n e r a l  h u s b a n d r y  m e t h o d s  h a v e  b e e n  d e v e lo p e d  f o r  a d u l t s  in  
c a p t i v i t y ,  a n d  a  d i e t  f o r m u l a t e d  w h ic h  a p p e a r s  to  b e  a c c e p t a b l e .
T h e  w o r k  o n  h e a l t h  c a r e  i s  p r o v in g  to  b e  v e r y  i n f o r m a t i v e .  
S a fe  h a n d l in g  s y s t e m s  h a v e  b e e n  d e v e lo p e d  u s in g  i c e ,  a n d  h y p o t h e s e s  
m a d e  f o r  th e  r e s u l t s  o f  t h i s  t r e a t m e n t  a n d  g e n e r a l  c o n d i t io n s  o f  
s t r e s s .  A u t o p s ie s  o n  d e a d  f i s h  h a v e  r e v e a l e d  g r o w th s  a n d  e v id e n c e  
o f  h e a r t  a t t a c k  a n d  g a s t r i t i s .  T e c h n iq u e s  u s in g  c o m m e r c i a l l y  
a v a i l a b l e  h u m a n  c l i n i c a l  t e s t  k i t s  a r e  p r o v in g  u s e f u l  i n d i c a t o r s  o f  
s t r e s s ;  f o r  e x a m p le ,  th e  p r e s e n c e  o f  h e m o g lo b in  a n d  k e to n e s  in  th e  
m u c u s  i n c r e a s e s  w i th  s t r e s s .
E y e  l e n s  p r o t e i n  a n a l y s e s  a r e  b e in g  u n d e r t a k e n  to  d e t e r m i n e  
a n y  d i f f e r e n t  r a c i a l  o r i g i n s  o f  m i l k f i s h .
B r o o d s to c k  C o l l e c t io n  a n d  H u s b a n d r y
W ild  F i s h
A l th o u g h  th e  m i l k f i s h ,  Ch a n o s c h a n o s , i s  a n  i m p o r t a n t  c o m p o n e n t  
a n d  s u b s i s t e n c e  p r o d u c t  o f  th e  b r a c k i s h w a t e r  c o a s t a l  p o n d  c u l t u r e  
s y s t e m s  o f  th e  P h i l i p p i n e s ,  I n d o n e s i a  a n d  T a iw a n ,  th e  in d ig e n o u s  f i s h  to  
H a w a i i  g e n e r a t e s  l i t t l e  c o m m e r c i a l  i n t e r e s t . I t  i s ,  h o w e v e r ,  a b u n d a n t  
a n d  i s  c a u g h t  o p p o r t u n i s t i c a l l y  w i th  o t h e r  s p e c i e s  b y  th e  l o c a l  f i s h e r m e n  
a n d  g o e s  f o r  c o n s u m p t io n  p r e d o m i n a n t l y  b y  th e  H a w a i ia n s  a n d  F i l i p i n o s .
C o m m e r c i a l  f i s h i n g  e q u ip m e n t  a n d  m e t h o d s  a r e  t h e r e f o r e  n o t  
c o n d u c iv e  to  th e  c a p t u r e  a n d  s a f e  h a n d l i n g  o f  p o t e n t i a l  b r o o d s to c k  f i s h .  
A s  a  r e s u l t  n e w  t e c h n i q u e s  a n d  m e t h o d s  h a v e  h a d  to  b e  d e v e lo p e d  to  
g iv e  th e  f i s h  th e  g r e a t e s t  c h a n c e  f o r  s u r v i v a l  f o l lo w in g  c a p t u r e .
A  s u r v e y  o f  th e  l o c a l  f i s h e r y ,  f i s h p o n d  o p e r a t o r s ,  o r g a n i z a t i o n s  
a n d  p r i v a t e  c i t i z e n s  w h o  c a p t u r e  th e  m i l k f i s h  w a s  m a d e  to  d e t e r m i n e  th e  
b e s t  l o c a t i o n s  o f  a d u l t s  a n d  j u v e n i l e s  d u r in g  th e  s e a s o n s ,  a n d  th e  c o l l e c t i n g  
g e a r  a n d  m e th o d s  u s e d .  F i g u r e  1 i l l u s t r a t e s  th e  p r i m e  l o c a t io n s  f o r  



















































F i g .  1. A d u l t  m il k f i s h  f i s h in g  l o c a t i o n s  i n  O a h u
S o u r c e s  o f  i n f o r m a t i o n  h a v e  in c lu d e d  th e  N a t io n a l  M a r in e  F i s h e r i e s  
S e r v i c e  (H o n o lu lu ) ;  th e  S ta te  o f H a w a i i  D e p a r tm e n t  o f  L a n d  a n d  
N a t u r a l  R e s o u r c e s ,  D iv i s io n  o f  F i s h  a n d  G a m e ;  p a s t  a n d  p r e s e n t  
c o m m e r c i a l  f i s h e r m e n ;  s p o r t s - f i s h e r m e n ;  p o n d  o w n e r s  a n d  o p e r a t o r s ;  
a n d  in d iv id u a l  f i s h e r m e n  w h o  s t i l l  u s e  th e  t r a d i t i o n a l  H a w a i ia n  t h r o w - n e t s .  
O u ts id e  th e  S t a te ,  c o n ta c t  h a s  b e e n  m a d e  w ith  i n d iv i d u a l s  in  th e  
P h i l i p p i n e s ,  F i j i  a n d  T o n g a  f o r  i n f o r m a t io n  on  t h e i r  n a t iv e  t e c h n i q u e s ,  
f i s h  b e h a v i o r  a n d  l i f e  h i s t o r y .  D a ta  r e c e i v e d  i n c l u d e s  m i g r a t i o n  o f  
a d u l t s  a t  s p a w n in g ,  l o c a t io n  a n d  a r r i v a l  o f  j u v e n i l e  s c h o o l s ,  fo o d  
p r e f e r e n c e s  a n d  r e q u i r e m e n t s ,  a n d  n a t u r a l  b e h a v i o r .  F i s h in g  m e t h o d s ,  



















































A r e v i e w  o f  t h e s u r v e y  i n d i c a t e s  s e v e r a l  s i g n i f i c a n t  f a c t o r s  w h ic h  
c o m p ly  w i th  o u r  ow n  o b s e r v a t i o n s  a n d  e x p e r i e n c e s .  P r i m a r i l y  t h e r e  
w a s  th e  u n i v e r s a l  c o m m e n t  t h a t  a i l  th e  m i l k f i s h  w e r e  n o t  s u s c e p t ib l e  
to  h a n d l in g ,  a n d  t h a t  s t r e s s  c a u s e d  r a p i d  d e a th  p a r t i c u l a r l y  i f  th e  f i s h  
h a d  b e e n  c a p tu r e d  w i th  g i l l  n e t s . F u r t h e r m o r e ,  th e  l a r g e  s i z e a n d  
s t r e n g t h  o f  th e  f i s h  p r e v e n t e d  c o n v e n ie n t  h a n d l in g  a n d  p a r t i c u l a r  
c o n t a i n e r s  f o r  t r a n s p o r t a t i o n  w e r e  n e c e s s a r y .
N o tw i th s ta n d in g  t h e s e  c o m m e n t s ,  th e  p r o x im i t y  o f  th e  n a t u r a l  
s p a w n in g  s e a s o n  in  H a w a i i  ( J u n e  t h r o u g h  A u g u s t )  c o m p e l l e d  a n  
im m e d ia t e  in te n s iv e  f i s h in g  e f f o r t  to  c a p t u r e  a d u l t s  w i th  e x i s t i n g  b o a t s  
a n d  g e a r ,  b u t  u s in g  th e  e x p e r i e n c e  g a in e d  f r o m  m a n y  y e a r s  o f  c a p tu r in g  
th e  g r e y  m u l l e t .  A l th o u g h  l a r g e  a d u l t  m i l k f i s h  a r e  r e p o r t e d  t o f r e q u e n t  
th e  o f f s h o r e  w a t e r s  o f  H a w a i i ,  th e  d e p th s  a r e  b e y o n d  th e  d e s ig n  o f  th e  
f i s h in g  g e a r  a v a i l a b l e ,  a n d  t h e r e f o r e  a  c o n c e n t r a t e d  e f f o r t  w a s  m a d e  
w i th in  th e  m o r e  s h e l t e r e d  w a t e r s  o f  P e a r l  H a r b o r  a n d  K a n e o h e  B a y .
A t p r e s e n t  o v e r  50 l iv e  a d u l t  m i l k f i s h  h a v e  b e e n  c o l l e c t e d  f r o m  
th e  s e a  a n d  a r e  h e ld  a s  p o t e n t i a l  b r o o d s t o c k .  T h e  l a r g e s t  i n d iv id u a l s  
w e ig h  b e tw e e n  10 a n d  12 k g , a n d  m e a s u r e  1 - 1 .2  m  in  l e n g th .  T h e r e  
w e r e ,  in  a d d i t i o n ,  a  f u r t h e r  2 0 l iv e  a d u l t s  w h ic h  w e r e  l o s t  o n e  n ig h t  
d u e  to  s t o r m  d a m a g e  to  th e  t a n k ' s  l i f e  s u p p o r t  s y s t e m s .  T h e  I n s t i t u t e  
h a s  a l s o  c o l l e c t e d  a b o u t  125 l a r g e  j u v e n i l e s  (1- 2 k g )  a s  a  f u tu r e  b r o o d s t o c k  
b e in g  d o m e s t i c a t e d .
S u c c e s s f u l  c a p tu r e  o f  th e  l a r g e  a d u l t s  h a s  b e e n  d u e  to  th e  c a r e f u l  
p r o c e d u r e s  w h ic h  h a v e  b e e n  p r a c t i s e d ,  m o d if y in g  th e  m e t h o d s  u s e d  f o r  
m u l l e t  c a p t u r e .  T h e  p r o c e d u r e  u t i l i z e s  tw o  s m a l l  6 m  b o a t s  a n d  
b e tw e e n  3 a n d  4 m e n .  T h e  n e t  i s  a  2 0 0 x  8 m  d e e p  g i l l  n e t  o f  6 .6  
c m  m e s h .  S u c c e s s  w i th  t h i s  m o n o f i l a m e n t  n e t  i s  r e l a t e d  to  w a t e r  
t u r b i d i t y .  In  t u r b i d  w a t e r s ,  f o r  e x a m p le  in  P e a r l  H a r b o r ,  th e  n e t  i s  
i n v i s i b l e  a n d  th e  c a p t u r e d  f i s h  d o  n o t  s t r u g g l e  m u c h .  In  c l e a r  w a t e r s  
th e  n e t  i s  r e a d i l y  v i s i b l e  a n d  a v o id e d  b y  th e  f i s h .  I f  d r i v e n  in to  th e  
n e t  th e  f i s h  s t r u g g l e  h a r d ,  o f te n  b r e a k  th e  n e t  a n d  e i t h e r  e s c a p e  o r  
d a m a g e  t h e m s e l v e s  b e y o n d  r e c a l l .  H o w e v e r ,  s o m e t i m e s  g o o d  f i s h  
a r e  t a k e n  if  th e  n e t  i s  b r o u g h t  in  q u i c k l y .
T h e  f i s h  a r e  t r a n s f e r r e d  b y  d i p - n e t  o r  p a i l  to  a  l a r g e  c i r c u l a r  
7 5 0  l i t e r  h o ld in g  ta n k  o n  o n e  b o a t .  N o m o r e  t h a n  f iv e  a d u l t s  c a n  b e  
h a n d le d  a t  o n c e  a n d  th e  b o a t  i s  d r i v e n  q u ic k ly  to  s h o r e .  A f lo w ­
th r o u g h  w a t e r  s y s t e m  p u m p s  w a t e r  i n to  th e  h o ld in g  ta n k  a n d  e x h a u s t s  
o v e r  th e  s id e .  O n  s h o r e  th e  f i s h  a r e  t r a n s f e r r e d  to  a  1 ,2 0 0  l i t e r  



















































T h e  s t r o n g l y  a e r a te d  w a t e r  in  th e  ta n k  i s  r e d u c e d  in  s a l i n i t y  a n d  
t e m p e r a t u r e  i m m e d i a t e l y  to  a b o u t  18 ‰  a n d  20° C, r e s p e c t i v e l y  b y  
th e  a d d i t io n  o f  a  l a r g e  ic e  b lo c k . T h i s  t r e a t m e n t ,  t o g e t h e r  w i th  th e  
d a r k e n e d  t a n k ,  h e l p s  to  c o u n te r ,  w e  b e l i e v e ,  th e  p h y s io l o g i c a l  
s y m p to m s  o f  s t r e s s .  T h e s e ,  w e  h y p o t h e s i z e ,  a r e  c o n t r a c t i o n  o f  th e  
b lo o d  v e s s e l s  a n d  r e d u c t i o n  o f  o x y g e n  to  th e  b r a i n .
A f in a l  t r a n s f e r  to  a  s h o r e - b a s e d  t a n k  o f  1 6 ,0 0 0  l i t e r s  i s  m a d e ,  
a n d  n e w ly  c a p tu r e d  f i s h  a r e  r e t a i n e d  the r e  f o r  tw o  w e e k s  b e f o r e  
r e m o v a l  to  th e  p e r m a n e n t  f a c i l i t i e s .  T r e a t m e n t  f o r  i n ju r y  i s  m a d e  a t  
t h i s  t i m e .  A w a t e r - s o l u b l e  a n t i b i o t i c  i s  u s e d  f o r  t r e a t m e n t  a t  a  r a t e  
o f  2 00 g / l  u n t i l  l e s i o n s  o r  a b r a s i o n s  a r e  h e a l e d .  R e d u c e d  i n f e c t io n  
f r o m  b a c t e r i a  c a n  b e  a c c o m p l i s h e d  b y  k e e p in g  th e  f i s h  in  l o w e r  
s a l i n i t y  w a t e r .
T h i s  e f f e c t i v e  b u t  l a b o r i o u s  te c h n iq u e  h a s  e n a b le d  th e  s t a f f  a n d  
c o n t r a c t e d  f i s h e r m e n  to  c a p t u r e  in  g o o d  c o n d i t io n  f i s h  u p  to  12 k g  in  
w e ig h t .  A n  e s t i m a t e  o f  th e  c u r r e n t  s u c c e s s  r a t e  i s  a b o u t  50%  o f  a l l  
f i s h  c a p t u r e d .  M o s t  m o r t a l i t i e s  a p p e a r  to  b e  th e  d i r e c t  r e s u l t  o f 
p h y s io l o g i c a l  s t r e s s  a n d  n o t  i n j u r y .  A l l  f i s h  w h ic h  do  n o t  s u r v i v e  
c a p t u r e  o r  d ie  l a t e r  in  c a p t i v i t y  a r e  a u to p s i e d ,  m e a s u r e d  a n d  w e ig h e d .  
T h e i r  g o n a d s  a r e  p r e s e r v e d  f o r  h i s t o l o g i c a l  e x a m i n a t i o n  a n d  s c a l e s  
r e m o v e d  f o r  g r o w th  a n d  a g e  s t u d i e s .  P r e l i m i n a r y  a n a l y s i s  o f th e  
a v a i l a b le  d a ta  s u g g e s t s  t h a t  m i l k f i s h  w i l l  b e  r e a d y  f o r  s p a w n in g  a t  
a b o u t  4 y e a r s  o f  a g e ,  a n d  t h a t  n a t u r a l  g r o w th  in  o p e n  w a t e r s  i s  
a b o u t  15-2 0 c m  p e r  a n n u m .
P o n d  F i s h
A m o n g  th e  m a n y  c o n s t r u c t e d  a n d  n a t u r a l  p o n d s  w h ic h  o c c u r  a lo n g  
th e  c o a s t l i n e s  o f th e  H a w a i ia n  I s l a n d s ,  a  s m a l l  c l u s t e r  o f  n a t u r a l  
a n c h ia l in e  p o n d s  w a s  m a d e  a v a i l a b l e  to  u s  th r o u g h  a  l a r g e  d e v e lo p m e n t  
c o r p o r a t i o n .  T h e  p o n d s  c o v e r  m o r e  t h a n  5 a c r e s  in  a r e a .  B io lo g ic a l ly  
a n d  g e o lo g ic a l ly  th e y  a r e  u n i q u e , o c c u r r i n g  e x c l u s i v e l y  in  r e c e n t  l a v a  
f lo w s  a n d  h a r b o r i n g  b o th  m a r i n e  a n d  b r a c k i s h w a t e r  b i o t a .  T h e  s a l i n i t y  
v a r i e s  b u t  c a n  d r o p  to  a b o u t  7‰  b e c a u s e  o f  s u b s u r f a c e  s p r i n g s .
T h e  s i t e  o f  La h u ip u a a  o n  th e  K o n a  c o a s t  c o n ta i n s  f iv e  i r r e g u l a r  
p o n d s ,  tw o  o f  w h ic h  a r e  c o n n e c t e d  to  th e  o c e a n  o f  s lu i c e  g a t e s .  T h e  
o t h e r s  a r e  n o t  c o n n e c te d  to  th e  s e a  b u t  a t  t i m e s  j o i n  e a c h  o t h e r .  
H i s t o r i c a l l y  t h e s e  p a r t i c u l a r  p o n d s  h a v e  b e e n  u s e d  f o r  h o ld in g  a n d  



















































A  f i r s t  s u r v e y  o f  th e  p o n d s  w a s  m a d e  in  D e c e m b e r  1974 to  
d e t e r m i n e  th e  a b u n d a n c e  a n d  d i s t r i b u t i o n  o f  f i s h  in  t h e s e  p o n d s .  T h e  
r e s u l t s  s h o w e d  a  s u b s t a n t i a l  s to c k  o f  a d u l t  m i l k f i s h .  F o l lo w in g  
d i s c u s s i o n s  w i th  th e  p o n d  o w n e r s  th e  s to c k s  w e r e  s a f e g u a r d e d  u n t i l  
a  s e c o n d  v i s i t  w a s  m a d e  p r i o r  to  th e  m i l k f i s h  b r e e d i n g  s e a s o n  in  
s u m m e r .
In  J u n e  1975 a  c e n s u s  o f  th e  m a i n  H o p e a ia  F o n d  w a s  m a d e .  
F o r t y  l a r g e  m i l k f i s h  w e r e  c a u g h t  w i th  s e in e  n e t s  a n d  h a n d le d .  A  
t o t a l  o f  34  l a r g e  f i s h  w e r e  m a r k e d  f o r  r e f e r e n c e  w i th  F lo y  t a g s ,  
a n a e s t h e t i z e d  w i th  q u a in a ld in e  s u l f a t e ,  w e ig h e d  a n d  m e a s u r e d .  A 
s a m p le  o f  g o n a d  t i s s u e  w a s  r e m o v e d  th r o u g h  th e  o v id u c t  w i th  a  
p o ly e th y le n e  c a t h e t e r  u s in g  th e  s t a n d a r d  s a m p l in g  p r o c e d u r e  d e v e lo p e d  
f o r  g r e y  m u l l e t .  A n  a d d i t i o n a l  t h r e e  f i s h  w e r e  k i l l e d  a n d  b lo o d  
s a m p l e s ,  e y e  l e n s e s  a n d  o t h e r  t i s s u e s  s a m p le d  f o r  f u tu r e  e x a m i n a t i o n .
A l l  f i s h  w e r e  r e t u r n e d  to  th e  p o n d s ,  e x c e p t  24 w h ic h  w e r e  
r e l o c a t e d  in  a  s m a l l  p o n d  f o r  s u b s e q u e n t  t r a n s p o r t a t i o n  to  th e  I n s t i t u t e .
H o p e a ia  P o n d  i s  a n  i r r e g u l a r  0 . 5 h a  p o n d  n o t  c o n n e c te d  to  th e  
o c e a n .  T h e  m a x i m u m  d e p th  i s  a b o u t  1 .5  m  b u t  m a n y  p a r t s  a r e  
s h a l lo w .  T h e  w a t e r  i s  c l e a r  a n d  s l i g h t ly  b r a c k i s h  (7‰ ) a n d  
s e a w a t e r  p e n e t r a t e s  t h r o u g h  th e  g r o u n d  in to  th e  p o n d  a t  h ig h  t i d e .  
T h e  b o t to m  o f  th e  p o n d , w h ic h  i s  m u d ,  i s  t h ic k ly  c a r p e t e d  w i th  th e  
v a s c u l a r  p l a n t ,  R u p p ia  m a r i t i m a , w h ic h  a p p e a r s  to  b e  th e  p r i n c i p a l  
fo o d  f o r  b o th  th e  m u l l e t  a n d  m i l k f i s h  w h ic h  h a v e  b e e n  s to c k e d  
in  th e  p o n d  in  th e  p a s t .
A lth o u g h  m i l k f i s h  h a v e  b e e n  r e c o r d e d  in  H a w a i i  a n d  e l s e w h e r e  
a s  l a r g e  a s  30  k g  a n d  a l m o s t  2 m  i n  l e n g th ,  l i t t l e  d a ta  i s  a v a i l a b l e  
a s  to  th e  s iz e  a n d  a g e  a t  f i r s t  m a t u r i t y .  M a n y  o f  th e  a d u l t  f i s h  
in  th e  H o p e a ia  P o n d , w h i le  o n ly  3 - 5  k g  in  w e ig h t  a n d  l e s s  t h a n  65 m  
in  l e n g th ,  w e r e  in  f a c t  m a t u r i n g .  M a n y  m a l e s  w e r e  r i p e  w i th  a c t i v e  
s p e r m a t o z o a ,  a n d  th e  f e m a l e s  in  g e n e r a l  s h o w e d  a d v a n c e d  s ta g e  II 
a n d  I I I  o o c y t e s - -  t h a t  i s  th e  y o lk  v e s i c l e  a n d  y o lk  g lo b u le  s t a g e s .  
W h ile  s p a w n in g  i s  n o t  a n t i c i p a t e d  in  s u c h  lo w  s a l i n i t y  w a t e r s ,  th e  
a b i l i t y  o f  f i s h  to  m a t u r e  u n d e r  c a p t iv e  a n d  p o n d  c o n d i t i o n s  a n d  a t  a  
s i z e  m a n a g e a b le  in  th e  l a b o r a t o r y  i s  a n  i m p o r t a n t  p o in t  f o r  a l l  
f u tu r e  b r e e d i n g  w o r k .
A t h i r d  t r i p  w a s  m a d e  to  th e  p o n d s  in  J u ly  to  c o n s t r u c t  a  s m a l l  
l a b o r a t o r y  w i th in  a n  e x i s t i n g  b u i ld in g  o n  s i t e .  A s m a l l  1 .5  k w 
g e n e r a t o r  w a s  i n s t a l l e d  to  r u n  l i g h t s ,  w a t e r  p u m p s  a n d  a i r  c o m p r e s s o r s .  
A p l a s t i c  s w im m in g  p o o l  w a s  i n s t a l l e d  a n d  f i l l e d  c o n tin u o u s ly  w i th  



















































T w e n ty  a d d i t i o n a l  l a r g e  f i s h  w e r e  c o l l e c t e d ,  m a r k e d  w i th  t a g s  a s  
b e f o r e  a n d  w e ig h e d  a n d  m e a s u r e d . A l l  f is h  n o t  s h o w in g  a d v a n c e d  s ig n s  
o f  m a t u r i t y  w e r e  r e l o c a t e d  in  o n e  p o n d  f o r  n e x t  y e a r . S ix  m a t u r e  f i s h  
w e r e  r e l o c a t e d  in  th e  s w im m in g  p o o l .  T h e  m o s t  a d v a n c e d  f e m a le  w a s  
s u b s e q u e n t ly  i n j e c t e d  w i th  S G - G 1 0 0  to  in d u c e  th e  f in a l  s t a g e s  o f  s p a w n in g .  
H y d r a t in g  e g g s  w e r e  l a t e r  r e l e a s e d  b y  t h i s  f i s h  s lo w ly  o v e r  a  lo n g  p e r i o d ,  
a n d  t h e s e  w e r e  n o t  f e r t i l i z e d .  S lo w  r e l e a s e  fo l lo w in g  h y p o p h y s a t io n  in  
th e  m u l l e t  i s  a n  i n d i c a t i o n  o f  p r e m a t u r e  s p a w n in g .
A f o u r t h  t r i p  w a s  m a d e  in  A u g u s t  a s  p a r t  o f  a  p la n n e d  r e l o c a t i o n  
o f  th e  l a r g e r  t a g g e d  f i s h  b a c k  to  th e  I n s t i t u t e . T h e  v i s i t  w a s  t im e d  to  
c o in c id e  w i th  th e  s h a k e d o w n  c r u i s e  o f  th e  N a t io n a l  M a r i n e  F i s h e r i e s  
S e r v i c e  v e s s e l ,  th e  T o w n s e n d  C ro m w e ll  th r o u g h  th e  c o o p e r a t i o n  o f  
th e  l o c a l  l a b o r a t o r y  D i r e c t o r .  T h e  f i s h  w e r e  t r a n s p o r t e d  t e n  m i l e s  b y  
r o a d  to  th e  p i e r  a t  K a w a ih a e  in  th e  1,2 0 0  l i t e r  t a n k s .  T h e y  w e r e  th e n  
t r a n s f e r r e d  to  th e  3 ,8 0 0  l i t e r  f i s h  t r a n s p o r t  t a n k s  d e s ig n e d  a n d  u s e d  
b y  th e  N M F S  f o r  tu n a ,  a n d  w e r e  c o n n e c t e d  to  th e  s h i p 's  p u m p s  f o r  
l a r g e - v o l u m e  w a t e r  e x c h a n g e .  T h e  s h ip  th e n  s a i l e d  b a c k  i m m e d ia t e l y  
to  K e w a lo  B a s i n  in  H o n o lu lu  a n d  th e  f i s h  w e r e  s u b s e q u e n t ly  t r a n s p o r t e d  
to  th e  I n s t i t u t e  b y  t r u c k .  T h e  t o t a l  t i m e  f o r  t r a n s p o r t a t i o n  w a s  18 h o u r s  
a n d  n o t  o n e  f i s h  w a s  l o s t .
In  a d d i t io n  to  th e  v o lu m e  o f  e x p e r i e n c e  t h a t  h a s  b e e n  g a in e d  in  
th e  c a p t u r e  a n d  t r a n s p o r t a t i o n  o f  th e  l a r g e r  m i l k f i s h ,  th e  a v a i l a b i l i t y  
o f  t h e s e  r e s o u r c e s  h a s  m a d e  i t  p o s s i b l e  t o u n d e r t a k e  a  g r e a t  d e a l  
o f  l a b o r a t o r y  w o r k  w i th o u t  j e o p a r d i z i n g  f u tu r e  b r e e d i n g  a d u l t s .  O ne 
in v a lu a b le  r e s u l t  ha s  b e e n  th e  b e t t e r  u n d e r s t a n d in g  o f  th e  f e m a le  
r e p r o d u c t o r y  s y s t e m .  A u to p s y  o f  m a t u r e  g r a v i d  f e m a l e s  h a s  s h o w n  
t h a t  th e  e g g s  a r e  r e l e a s e d  th r o u g h  a  f u n n e l  r a t h e r  th a n  t h r o u g h  th e  o v id u c t .  
T h i s  f a c t  h a s  d e m a n d e d  s o m e  c h a n g e  to  th e  e s t a b l i s h e d  s a m p l in g  p r o c e d u r e s  
d e v e lo p e d  f o r  g r e y  m u l l e t ,  a n d  a  s a t i s f a c t o r y  te c h n iq u e  h a s  n o t  y e t  b e e n  
d e v e lo p e d .  T h e  u s e  o f  a  c y s to s c o p e  w a s  c o n te m p la t e d  to  a v o id  a c t u a l  
s a m p l in g ,  b u t  th e  d i m e n s i o n s  o f  th e  a v a i l a b l e  i n s t r u m e n t s  w e r e  to o  b i g .  
T h i s  a n a t o m i c a l  f e a t u r e  a n s w e r s  th e  q u e s t i o n s  o f  p r e v i o u s  s a m p l in g  
d i f f i c u l t i e s  e x p e r i e n c e d  b y  o u r s e l v e s  a n d  o t h e r  w o r k e r s .
In  a d d i t io n  to  th e  L a h u ip u a a  P o n d s ,  f u r t h e r  c o n ta c t  a n d  i n f o r m a t i o n a l  
e x c h a n g e s  w e r e  m a d e  w i t h  f i s h p o n d  o p e r a t o r s  th r o u g h o u t  th e  S t a t e .  S o m e  
w e l l  a d v a n c e d  f i s h  w e r e  o b ta in e d  f r o m  t h e o w n e r  o f  th e  M o l i i  P o n d  in  
K a n e o h e  B a y , a b o u t  t e n  m i l e s  f r o m  t h e I n s t i t u t e .  T h e s e  f i s h  w e r e  a l s o  



















































A g r e a t  d e a l  o f  a s s i s t a n c e  w a s  p r o v id e d  b y  p r i v a t e  i n d iv id u a l s  
in  th e  S ta te ,  p a r t i c u l a r l y  f r o m  th e  H a w a i ia n s  w h o  s t i l l  t a k e  m i l k f i s h  
b y  th e  t r a d i t i o n a l  t h r o w - n e t s . T h e  l a c k  o f  a  m o b i l e  f o r c e  to  t a k e  
a d v a n ta g e  o f t h e i r  c a p t u r e d  a n i m a l s  m a d e  t h i s  s o u r c e  o f  a d u l t s  
i m p r a c t i c a l  to  fo llo w .
A p a r t  f r o m  th o s e  f i s h  t a k e n b y  th e  I n s t i t u t e  s t a f f ,  a l l  o t h e r  
f i s h ,  b o th  a l iv e  a n d  s u b s e q u e n t ly  d e a d ,  w e r e  p a id  f o r  a t  a n  a d v a n ta g e o u s  
r a t e  to  th e  c o l l e c t o r .  H o w e v e r ,  c e r t a i n  r e s t r i c t i o n s  w e r e  m a d e  a s  to  
w h a t  w a s  a c c e p t a b l e .
J u v e n i l e  F i s h
P o s t - l a r v a l  a n d  ju v e n i l e  m i l k f i s h  w e r e  c o l l e c t e d  a t  v a r i o u s  
l o c a t i o n s  a r o u n d  O a h u  f o r  d a ta  o n  g r o w th ,  b e h a v i o r ,  n u t r i t i o n a l  
r e q u i r e m e n t s  a n d  d i s e a s e ,  a n d  a l s o  f o r  t r a d e  w i th  t h e  p o n d  o p e r a t o r s  
in  e x c h a n g e  f o r  t h e i r  l a r g e r  f i s h .  T h e s e  j u v e n i l e s  s h o u ld  t h e n  b e c o m e  
th e  r e s o u r c e s  s e v e r a l  y e a r s  f r o m  n o w .
T h e  p o s t - l a r v a e ,  12 -16 m m  in  l e n g th ,  a r e  a l m o s t  t r a n s p a r e n t  w i th  
p i g m e n t  c o n f in e d  to  th e  h e a d  a n d  g u t r e g i o n s .  T h e y  a r e  u s u a l l y  fo u n d  
in  th e  u p p e r  r e a c h e s  o f  s t r e a m s  in  w a r m  s h a l lo w  w a t e r s  f e e d in g  o n  
d i a t o m s ,  o r g a n i c  s e d i m e n t s  a n d  a l g a e . P i g m e n t a t i o n  o f  th e  b o d y  i s  
c o m p le te  a f t e r  a b o u t  t h r e e  w e e k s  o f  i n s h o r e  l i f e  a n d  th e  j u v e n i l e s  b e tw e e n  
2 5 - 30  m m  in  l e n g t h  m o v e  d o w n s t r e a m  in to  d e e p e r  w a t e r s ,  D u r in g  
t h i s  p e r i o d  th e  f i s h  c a n  b e  c a p t u r e d  e a s i l y  w i th  f in e  n e t s  a n d  t r a n s p o r t e d  
w i th  l i t t l e  l o s s  o f  l i f e .  T h i s  i s  a  d i s t i n c t  c o n t r a s t  t o th e  h a n d l in g  
o f  th e  o l d e r  f i s h .
J u v e n i l e  r e c r u i t m e n t  h a s  a lw a y s  b e e n  a n  i n d i c a t o r  o f th e  n u m b e r s  
a n d  r e p r o d u c t i v e  s u c c e s s  o f  th e  a d u l t s  a t  s e a .  Ob s e r v a t i o n s  b y  I n s t i t u t e  
s t a f f  th r o u g h  th e  y e a r s  in d ic a te  t h a t  th e  f i s h  h a v e  o n ly  o n e  s p a w n in g  
p e r i o d  in  th e  y e a r  ( J u n e  to  A u g u s t) ,  a n d  t h a t  th e  l o c a l  p o p u la t io n ,  
w h i le  n o t  l a r g e ,  i s  p r o b a b l y  s u f f i c i e n t  to  p r o d u c e  p r o g e n y  a n n u a l ly  
to  m a i n t a i n  t h i s  p o p u la t i o n .
E v id e n c e  i n d i c a t e s  th a t  a c t u a l  s p a w n in g  i s  c y c l i c  w i th in  th e  
s p a w n in g  p e r i o d  a n d  r e l a t e d  to  l u n a r  p e r i o d i c i t y .  T h i s  i s  m o s t  a p p a r e n t  
f o r  o b s e r v a t i o n s  o f  p o n d  f is h  w h e r e  h e r e  i s  a c c e s s  to  o c e a n  w a t e r s .  
T h r o u g h o u t  th e  y e a r ,  f o r  e x a m p l e ,  t h e  l a r g e  f i s h  in  th e  M o l i i  P o n d  in  
K a n e o h e  B a y  a r e  n o t  s e e n  o r  c a u g h t  n e a r  th e  p o n d  g a te s .  H o w e v e r ,  
c o i n c i d e n ta l  w i th  tw o  c o n s e c u t iv e  h ig h  t i d e s  (a n d  t h u s  n e w  m o o n s ) ,  t h e  l a r ­
g e s t  f i s h  m o v e d  t h r o u g h  to  th e  g a t e s  in  a n  a t t e m p t  t o go  to  s e a ,  p r e s u m a b l y  
to  s p a w n . A l th o u g h  t h e s e  p a r t i c u l a r  f i sh d id  n o t  g e t  o u t  to  s e a ,  th e  



















































L ig h t  a n d  t e m p e r a t u r e  d a ta  o f  th e  e n v i r o n m e n t  w h e r e  s p a w n in g  i s  
b e l i e v e d  to  o c c u r  a r e  b e in g  c o l l e c t e d  to  e s t a b l i s h  th e  c o n t r o l l e d  c o n d i t i o n s  
f o r  b r e e d i n g  f i s h  o n  a  y e a r - r o u n d  b a s i s .
A  f in a l  c o l l e c t i o n  o f  j u v e n i l e s  w a s  m a d e  in  N o v e m b e r .  M a n y  o f  
t h e s e  j u v e n i l e s  w e r e  r e l e a s e d  in to  p o n d s  f o r  f u tu r e  u s e  in  th e  p r o j e c t .  
A  g r e a t  d e a l  o f  a s s i s t a n c e  h a s  b e e n  o b ta in e d  f r o m  th e  o w n e r s  o f  th e  
p o n d s  a r o u n d  O a h u  a n d  o t h e r  i s l a n d s ,  f o r  b o th  f i s h  a n d  th e  b e h a v i o r a l  
o b s e r v a t i o n s .
H u s b a n d r y  o f  C a p t iv e  S to c k
A v i t a l  i m p o r t a n c e  i s  th e  m a i n t e n a n c e  o f  a  h e a l t h y  s to c k  in  
c a p t i v i t y  i f  th e  f i s h  a r e  e x p e c t e d  to  b r e e d .  L i t t l e  i s  k n o w n  o f  th e  
q u a l i t a t i v e  a n d  q u a n t i t a t i v e  r e q u i r e m e n t s  o f  th e  m i l k f i s h  d i e t .
In  n a t u r e ,  th e  m i l k f i s h  i s  a c c e p t e d  to  b e  a  h e r b i v o r e  f e e d in g  o n  
d i a t o m s ,  o r g a n i c  m a t e r i a l  a n d  v a r i o u s  a l g a e .  In  c e r t a i n  f a r m  p o n d s  
in  S o u t h e a s t  A s i a  a n d  a r o u n d  H a w a i i ,  t h e  m i l k f i s h  a r e  k n o w n  to  f e e d  
d i r e c t l y  o n  r a w  s e w a g e .  L a r g e  s c h o o l s  d o  c o n g r e g a t e  a r o u n d  th e  
s e w a g e  o u t f a l l s .  T h e s e  a r e a s  a r e  w e l l  k n o w n  f i s h in g  l o c a l e s  b u t  th e  
f i s h  a r e  c a u g h t  o n  r o d  a n d  l i n e .  T h e  l o c a t i o n s  a r e  u n s u i t a b l e  f o r  
n e t t i n g  g e a r .
T h e  m o r e  p r a c t i c a l  f e e d s  u s e d  f o r  th e  h e r b i v o r o u s  c a p t iv e  f i s h  
a r e  m o d i f i c a t i o n s  o f  th e  p e l l e t i z e d  f e e d s  u s e d  f o r  t r o u t  a n d  c a r f i s h .  
F u r t h e r ,  l e s s  p r o t e i n a c e o u s  d i e t s  h a v e  b e e n  d e v e lo p e d  b y  th e  I n s t i t u t e  
f o r  s u c h  f i s h .
A l l  b r o o d s t o c k  f i s h  a r e  u s u a l l y  r e t a i n e d  in  th e  l a r g e r  s w im m in g  
p o o l  t a n k s  o r  o p e n  d i r t  p o n d s  l in e d  w i th  a  b u ty l  r u b b e r  l i n e r .  T h e  
p o o l s  a n d  t a n k s  a r e  u n d i s t u r b e d  to  a l lo w  a  n a t u r a l  g r o w th  o f  v e g e t a t i o n s  
f o r  th e  f i s h  to  b r o w s e  o n . T h i s  d i e t  i s  s u p p le m e n te d  w i th  a  p r e p a r e d  
f e e d  m a d e  i n  th e  l a b o r a t o r y .  O ne s u c h  d i e t  s u p p le m e n t  b e in g  d e v e lo p e d  
c o n s i s t s  o f  th e  fo l lo w in g  i n g r e d i e n t s .
W h e a t  m id d l in g s 55%
C o t to n s e e d  m e a l 14%
S o y  b e a n  m e a l 14%
T u n a  f i s h  m e a l 14%
P r o p y le n e  g ly c o l 1 .4 %
V i s o r b i n  ( V i ta m in  B C o m p le x ) 1 .4 %
V i ta m in  p r e - m i x 0 .2 %
T h e  i n g r e d i e n t s  a r e  m i l l e d  to  0 .5  m m  s iz e  a n d  s t o r e d  d r y .  W h e n  
n e e d e d ,  th e  f e e d  i s  m ix e d  to  a  d o u g h  w i th  w a t e r  a n d  fe d  a t  a  r a t e  o f  
a b o u t  0 .7 5  k g  p e r  d a y  p e r  25 l a r g e  f i s h .  T h e  a p p r o x i m a t e  c o s t  o f 



















































E n v iro n m e n ta l R e g u la tio n  o f C a p tive  S tock
A  s e c tio n  o f the E n v iro n m e n ta l C o n tro l L a b o ra to ry  has been 
is o la te d  f o r  a n u m b e r o f a d u lt  f is h  to  be su b je c te d  t o c o n tro lle d  
te m p e ra tu re  and p h o to p e r io d  re g u la t io n  to  enco u rage  egg m a tu ra t io n  
ou t o f season. The c o n t ro ls  fo r  the p e r io d  have been  se t a t  26°C  
and 18L /6 D  p h o to p e r io d . A to ta l o f s ix  f is h  a re  b e in g  m a in ta in e d  
u n d e r these  c o n d it io n s  and fed  d a i ly  w ith  the  p re p a re d  d ie t .
Induced  B re e d in g
Data
D u r in g  the y e a r  a m o n th -b y -m o n th  f is h in g  e f fo r t  w as  m a in ta in e d  
f o r  the c a p tu re  o f b lo o d s to c k  and fo r  the a c c u m u la t io n  o f s ta t is t ic a l 
da ta  on the b re e d in g  c y c le  o f m i lk f is h  in  H a w a iia n  w a te r s .  The 
s u m m a ry  data  is  d e ta ile d  in  T a b le  1.
T ab le  1. M o n th ly  Gonado -S o m a tic  In d e x  (GSI)
M o n th
M a le  s F e m a le s
GSI sd m ean sd n GSI sd m ean sd n
Jan 0 .193 0.49 0 .0 8 5 .3 0. 2 5 0 .119 0.2 05 3
Feb 0.2 0 0 0 1 0 .1 1 5 0. 085 0. 120 2
M a r 0. 03 0 0 1 0 . 435 0.0 76 0 .1 5 2 4
A p r 0 .0 4 6 0. 009 0 . 02 5 0 .3 0 6 0 .0 6 0 0. 158 7
M a y 0 .1 20 0.0 4 0. 057 0 .3 8 5 0 .0 4 5 0 .0 6 4 2
June 0 .0 3 8 0. 005 0. 018 15 0 .171 0. 020 0 .0 7 9 15
J u ly 3 . 285 0. 095 0 .134 2 3 .1 8 0 0 1
A u g * 0 1 .345 0 . 299 0 .5 9 7 4
A u g * * 0. 043 0. 009 0 .0 28 9 0 .1 7 5 0 .044 0. 138 10
Sep 0.0 91 0 . 027 0 .1 1 9 19 0 .3 6 9 0. 055 0.2 58 22
O ct 0 .0 8 0 .041 0 .1 3 5 11 0.2 50 0 .0 21 0 .0 9 8 2 1
N ov 0. 068 0 .031 0. 008 6 0.412 0. 114 0 .3 6 2 10
Dec 0 .0 0 4 0 0 1
(75)
0 .3 5 7 0. 153 0.2 65 3
(104)
* E a r ly



















































T h e  G S I i s  th e  m o s t  p r a c t i c a l  m e a s u r e  o f m a t u r i t y  d e v e lo p m e n t  
b y  f i s h e r y  b i o l o g i s t s  a n d  c a r  b e  e x p r e s s e d  b y :
G SI = w  ( w e ig h t  in  g f o r  b o th  g o n a d s )  x  100
W (b o d y  w e ig h t  in  g)
T h e  G S I d e s c r i b e d  in  g r a p h i c  f o r m  ( F ig .  2 ) c l e a r l y  i n d i c a t e s  
th e  n a t u r a l  s e a s o n  i n  H a w a i ia n  c o a s t a l  w a t e r s  c o m m e n c in g  in  J u n e  
a n d  t e r m i n a t i n g  t o w a r d  th e  e n d  o f A u g u s t .  J u ly  a n d  e a r l y  A u g u s t  
a r e  u n q u e s t io n a b ly  th e  p e a k s  o f  s p a w n in g  a c t i v i t y  in  H a w a i i .  A l th o u g h  
tw o  i n d iv id u a l  s p a w n in g  p e r i o d s  h a v e  b e e n  a t t r i b u t e d  to  m i l k f i s h  in  th e  
w a t e r s  o f  I n d o n e s ia  ( o r  t h e r e  a r e  tw o  s e p a r a t e  r a c e s ) ,  a n d  lo n g  s in g le  
s p a w n in g  p e r i o d s  a r e  a t t r i b u t e d  to  f i s h  o f  I n d ia ,  th e  P h i l i p p i n e s  a n d  
S o u th e a s t  A s i a ,  in  H a w a i i  a n d  o t h e r  P a c i f i c  I s l a n d s ,  f o r  e x a m p le  
F i j i ,  t h e r e  i s  o n ly  o n e  c l e a r l y  d e f in e d  a n d  s h o r t  p e r i o d  o f  tw o  m o n th s .



















































O b s e r v a t i o n s  o f  f i s h  w i th in  l o c a l  c o a s t a l  f i s h p o n d s  in  M a y  a n d  
J u n e  i n d ic a te  th e  s t r o n g e s t  d e s i r e  o f  th e  f is h  to  e s c a p e  to  s e a .  L a r g e  
f i s h  m o v e  to w a r d  th e  o u t l e t s  o f  th e  p o n d  w h e r e  th e y  c a n  b e  r e a d i l y  
c a u g h t  in  th e  t r a p s  a t  th e  g a t e s  T h e s e  f i s h  in  f a c t  p r o v e d  to  b e  a n  
i m p o r t a n t  c o n t r i b u t i o n  t o m a t u r e  b r o o d s t o c k .
T h e  w e ig h t  o f  th e  f i s h  s h o w in g  s ig n s  o f  m a t u r a t i o n  p r o v e d  
i n t e r e s t i n g .  H i s t o r i c a l  r e c o r d s  in  th e  l i t e r a t u r e  i n d ic a te  t h a t  th e  
s m a l l e s t  m a t u r e  f e m a l e s  a r e  a b o u t  70  c m  in  l e n g th  ( a b o u t  4 ,500  in  
w e ig h t ,  o r  10 lb ) .  M a tu r e  f e m a le  f i s h  t a k e n  in  H a w a i i  p r o v e d  to  b e  
m u c h  s m a l l e r ,  e v e n  a s  s m a l l  a s  60  c m  in  le n g th  a n d  w e ig h in g  o n ly  
2, 500  g . T h e  s c a l e s  o f  th e  f i s h  h a v e  b e e n  t a k e n  b u t  d a ta  o n  a c t u a l  
a g e  h a s  s t i l l  to  b e  p r o d u c e d .
P o n d  f i s h  s e e m  to  m a t u r e  s l i g h t ly  l a t e r  t h a n  n o n - c a p t i v e s  in  
th e  s e a .  T h i s  w a s  c e r t a i n l y  t r u e  f o r  th e  g r e y  m u l l e t  s p e c i e s .
E g g  S a m p lin g
T h e  in d u c e d  b r e e d i n g  m e t h o d s  d e v e lo p e d  b y  th e  I n s t i t u t e  h a v e  
a lw a y s  d e m a n d e d  tw o  c o n d i t i o n s . T h e s e  a r e ( 1) a n  a c c u r a t e  k n o w le d g e  
o f  th e  e x a c t  s ta g e  o f d e v e lo p m e n t  o f  th e  e g g s  o f  f i s h  a b o u t  to  b e  in d u c e d ,  
a n d  (2) th e  u s e  o f a  s t a n d a r d i z e d  h o r m o n e .  S a m p lin g  a n d  h i s t o l o g i c a l  
s t u d i e s  h a v e ,  o v e r  th e  y e a r s ,  e n a b le d  a n  a c c u r a t e  d e v e lo p m e n t  p i c t u r e  
to  b e  p r o d u c e d  f o r  th e  o o c y te s  o f  the  g r e y  m u l l e t .  T h i s  d e v e lo p m e n t  
s e q u e n c e  h a s  th e n  e n a b le d  g r o s s  o b s e r v e d  p a r a m e t e r s  to  b e  u s e d  a s  th e  
i n d i c a t o r s  f o r  th e  l e v e l ,  d o s e  r a t e ,  a n d  t im e  s e q u e n c e  o f  th e  s t a n d a r d  
h o r m o n e  to  b e  u s e d .
T h e  a p p r o a c h  f o r  th e  m i l k f i s h  m u s t  b e  i d e n t i c a l .  C o n s e q u e n t ly  
t h e  g o n a d s  o f th e  b r o o d s t o c k  f e m a le  f i s h  a r e  s a m p le d  on  a  r e g u l a r  
b a s i s  u s in g  th e  t r a d i t i o n a l  t e c h n i q u e s .  A f in e  p o ly e th y le n e  c a n n u la  i s  
i n s e r t e d  in to  th e  o v id u c t  a n d  a  s a m p le  o f  o o c y te s  i s  w i th d r a w n  b y  
o r a l  s u c t io n .
U n f o r tu n a te ly ,  s a m p l in g  m i l k f i s h  d o e s  n o t  p r o v e  to  b e  s im p l e .  
T h e  g e n i t a l  a n a to m y  o f  th e  m i l k f i s h  d i f f e r s  f r o m  t h a t  o f  th e  g r e y  
m u l l e t  a n d  a p p r o a c h e s  m o r e  th a n  t h a t  o f  th e  s a lm o n .  T h e  o o c y te s  
a r e  r e l e a s e d  t h r o u g h  a  f u n n e l  f r o m  th e  g o n a d , e n t e r  th e  o v id u c t  
c lo s e  to  th e  g e n i t a l  p o r e ,  a n d  a r e  t h e n  e x p e l l e d  t h r o u g h  th e  c l o a c a .  
A s a  c o n s e q u e n c e ,  th e  fu n n e l  d o e s  n o t  p r o v id e  th e  e a s y  s a m p l in g  
p a s s a g e w a y  w h ic h  i s  t r u e  o f  g r e y  m u l l e t ,  a n d  e g g  s a m p l in g  h a s  



















































E g g  s a m p l e s  c a n  b e  o b ta in e d  f r o m  th e  m i l k f i s h  g o n a d s ,  b u t  a r e  
d i f f i c u l t  t o  o b t a i n .  T h e  f in e  c a n n u la  g e t s  l o s t  in  th e  b o d y , c a n  r u p t u r e  
m e m b r a n e s  a n d  b o d y  o r g a n s ,  a n d  m a n y  a t t e m p t s  m a y  h a v e  to  b e  m a d e  
t o  o b t a i n  a n  e g g  s a m p l e  - -  s o m e t i m e s  r e s u l t i n g  in  d e a th  o f t h e  f i s h .
I t  w a s  h o p e d  t h a t  th e  u s e  o f  a  c y s t o s c o p e  w o u ld  m a k e  s a m p l in g  
u n n e c e s s a r y ,  a n d  t h a t  a n  i n t e r n a l  e x a m i n a t i o n  w o u ld  p r o v e  s u f f i c i e n t .  
H o w e v e r ,  a  f in e  e n o u g h  c y s t o s c o p e  is  n o t  y e t  a v a i l a b l e .
E g g s  t h a t  w e r e  s a m p l e d  r e a d i l y  w e r e  m e a s u r e d ,  p r e s e r v e d ,  a n d  
e x a m in e d  h i s t o l o g i c a l l y  u s in g  s t a n d a r d  p r o c e d u r e s  to  d e t e r m i n e  v i t e l l o ­
g e n e s i s  a n d  t o  b e g in  a n  a s s e m b l y  o f  a n  ' a t l a s '  o f  e g g  d e v e lo p m e n t .
E g g  d i a m e t e r  d i s t r i b u t i o n s  o f s o m e  f i s h  b e f o r e  i n j e c t i o n  a r e  
i l l u s t r a t e d  in  F i g .  3 .



















































W o rk  o n  M a tu r e  F e m a l e  F i s h
E ig h t  f i s h  w e r e  d e e m e d  r e a d y  f o r  f in a l  in d u c e d  t r e a t m e n t  in  th e  
s u m m e r .  B a c k g r o u n d  d a t a  o f  th e  f i s h  i s  d e s c r i b e d  in  T a b le  2 .
T a b le  2 . M a tu r e  F e m a l e  F i s h
F i s h  n u m b e r D a te E g g  d i a m e t e r  
m m
S ta g e W e ig h t 
g
7 5 0 7 0 2 -1 7 :8 :7 5 0 .8 7 6 I IIc 2 , 000
2 7 :8 :7 5 0 . 5 7 2 III 3 , 500
7 5 0 7 1 5 -1 7 :1 7 :7 5 0 .8 1 5 I I Ic 5 ,0 0 0
2 7 :1 7 :7 5 0 .7 9 6 I I I c 2 , 750
3 7 :1 7 :7 5 0 . 5 4 5 IIIb
7 5 0 7 1 0 -1 7 : 1 0 :75 0 .8 0 3 I I Ic 6 , 750
7 :1 0 :7 5 0 . 5 4 5 I I Ib 2 , 500
7 5 0 7 7 3 -1 7 : 23 :7 5 0 .8 1 8 I I I c 3 , 500
T h e  s t a g e s  o f d e v e lo p m e n t  u s e d  a r e  t h o s e  d e s c r i b e d  b y  th e  
I n s t i t u t e  f o r  th e  g r e y  m u l l e t .  S ta g e  I I I c i s  t h e r e f o r e  th e  t e r t i a r y  
y o lk  g lo b u le  s t a g e ,  a n d  I I Ib th e  s e c o n d a r y  y o lk  g lo b u le  s t a g e .
T h e  s t a n d a r d  h o r m o n e  u s e d  i s  s a lm o n  g o n a d o t r o p in  S G - G 1 0 0 , 
p r e p a r e d  e x c lu s i v e l y  b y  th e  U n i v e r s i t y  L a b o r a t o r i e s  in  B r i t i s h  
C o lu m b ia  a n d  d e s ig n a t e d  B C R #
D a ta  o n  th e  in d u c e d  s p a w n in g  t e s t s  i s  a s  f o l lo w s  in  T a b le  3 .
T a b le  3 .  I n je c t i o n  D o s e ,  S e q u e n c e ,  a n d  R e s u l t
F i s h  N u m b e r D a te E g g  d i a m e t e r  
m m
D o se  
m g
S ta g e O b s e r v a t i o n
7 5 0 7 1 0 -1 7 :1 0 0 . 8 03 0 I I I M a tu r e
7 :1 2 15
7 :1 5 30
7 :1 6 2 0
7 :1 7 A t r e t i c
7 5 0 7 2 5 -1 7 :1 7 0 .8 1 5 0 I II M a tu r e
7 :21 0 A t r e t i c
7 5 0 7 1 5 - 2 7 :1 7 0 .7 9 6 0 I I I M a tu r e
7 :2 1 0 A t r e t i c
7 5 0 7 2 3 -1 7 :2 3 0 .8 1 8 25 I I I M a tu r e
7 :2 4 25 H y d r a te d
7 :2 5 0 P a r tia l ly  



















































O f the  re m a in in g  fo u r  f is h ,  tw o  (750702-2  and 7 5 0 7 1 0 -2) p ro v e d  
to  be too  im m a tu re  to  be in je c te d  (egg d ia m e te rs  le s s  th a n  0 .6  m m ); 
and tw o  f is h  (750702 -1  and 7 5 0 715 -3 ) d ie d  f r o m  re p e a te d  h a n d lin g  
w h ile  t r y in g  to  o b ta in  egg s a m p le s .
The tw o  f is h  d e ta ile d  above (750715-1  and 7 5 0 7 1 5 -2) im m e d ia te ly  
w e n t a t r e t ic ,  o r  began re a b s o rp t io n  o f  t h e ir  eggs, fo llo w in g  in i t ia l  
h a n d lin g ; and the o the r  f is h  (7 5 0 7 1 0 -1 ) w e n t a t r e t ic  d u r in g  the 
in je c t io n  sequence .
The b e s t r e s u lt  w as  w ith  the s m a ll fe m a le  (75072 3 -1 )  w h ic h  w as 
induced  to  h y d ra te  and o vu la te  w ith  tw o  in je c t io n s  o f 5 m g  o f h o rm o n e  
24 h o u rs  a p a rt.
F ro m  these  p r e l im in a r y  te s ts  i t  seem s c e r ta in  th a t eggs o f  0 . 8 
m m  and above a re  a t the c r i t i c a l  stage o r  beyond , a t w h ic h  im m e d ia te  
h y p o p h y s a tio n  is  needed. In je c t io n  cannot be d e la y e d . E x c e s s iv e  
h a n d lin g  o r  s tre s s  a t th is  stage causes the eggs to  becom e a t r e t ic ,  o r  
re a b s o rb e d . I t  a p p e a rs  th a t  eggs o f abou t 0 .7 7  m m  a re  m o re  s u ita b le  
f o r  re a c t in g  p o s it iv e ly  to  in je c t io n s .  The s ize  o f an o v u la te d  egg is  
1 .2  m m  in  d ia m e te r .
The f i r s t  dose o f in je c t io n  w as m ade at the sam e le v e l and dose 
ra te  as  th a t d eve lop ed  f o r  the g re y  m u lle t ,  n a m e ly  abou t 20 µ g /g  body 
w e ig h t o f the  r e c ip ie n t .  The m i lk f is h  w h ic h  d id  h y d ra te  (7 5 0 7 2 3 -1 ), 
u n d e rw e n t a v e r y  ra p id  la te  d e v e lo p m e n t. T h is  suggests  th a t the  
dose ra te  e s ta b lis h e d  fo r  m u l le t  m a y  he to o  h ig h  f o r  m i lk f is h ,  and 
th a t abou t 12 - 15 µ g /g  body w e ig h t m a y  be o p t im u m . T h is  has som e 
o b v io u s  e c o n o m ic  a d va n ta g e s . The c o s t o f in je c t in g  a m u lle t  fo r  spaw n ing  
is  abou t $80 -  120 p e r  f is h .  A t  the sam e ra te  m i lk f is h  w i l l  be wel l  
o v e r  $500 p e r  f is h ,  because  o f th e ir  la rg e  s iz e . The lo w e r  dose w i l l  
g ive  s ig n if ic a n t  sa v in g s .
H e a lth  C a re  o f C a p tive  F is h  
S tock  I d e n t if ic a t io n
The w o rk  in  s to ck  id e n t if ic a t io n  c o n s is te d  o f the  c o l le c t io n  and 
e le c tro p h o re t ic  p ro c e s s in g  o f eye le n se n u c le i f r o m  d if fe r e n t  f is h e s .  
The p ro te in  p a tte rn s  th a t r e s u lt  f r o m  the p ro c e s s in g  m a y  be used  in  
a n u m b e r o f w a y s . One m a jo r  use is  to  id e n t ify  b re e d in g  p o p u la tio n s  
o f  f is h e s .  F o r  a q u a c u ltu re , the id e n t if ic a t io n  o f b re e d in g  p o p u la tio n s  
h a v in g  c h a r a c te r is t ic s  such as s tre s s  re s is ta n c e  w o u ld  be im p o r ta n t .  



















































T o  d a t e ,  a b o u t  100 p a i r s  o f  l e n s e s  h a v e  b e e n  c o l l e c t e d  f r o m  
m i l k f i s h  a n d  o t h e r  d i f f e r e n t  s p e c i e s ,  a n d  p r o c e s s i n g  i s  u n d e r w a y .  
F o r  th e  p u r p o s e  o f  v i s u a l i z in g  th e  i n f o r m a t io n  f r o m  t h e s e  p a t t e r n s ,  
a  m a p  i s  b e in g  p l a n n e d .  I t  w i l l  a t t e m p t  to  sh o w  th e  r a n g e ,  d i s t r i b u t i o n ,  
s e a s o n a l  v a r i a t i o n s ,  m i g r a t o r y  m o v e m e n t s ,  e t c . ,  o f  f i s h  p o p u la t io n  a s  
th e y  a r e  r e f l e c t e d  f r o m  th e  p a t t e r n s .  T h e  p a t t e r n s  t h e m s e l v e s  w i l l  b e  
s t o r e d  in  a  b o o k  f o r  e a s y  d i s p l a y .
S tu d ie s  o n  S t r e s s
(1 ) O c c u l t  h e m o g lo b in  in  s k in  m u c u s  o f  f i s h
T h e  r e s u l t s  o f e x p e r i m e n t s  s h o w e d  t h a t  w h e n  f i s h  a r e  l e f t  o u t  o f  
th e  w a t e r ,  t h e i r  s k in  m u c u s  p r o d u c e s  p o s i t i v e  r e a c t i o n s  to  a  c o m m e r c i a l  
t e s t  ( ' s t i x ' )  f o r  f r e e  h e m o g lo b in .  O th e r  s t u d i e s  c o n f i r m e d  th a t  th e  
h e m o g lo b in  a p p e a r e d  in  r e s p o n s e  to  s t r e s s  a n d  n o t  o t h e r  f a c t o r s ,  e . g .  
n e w  m u c u s  p r o d u c t i o n .  T h e s e  s t u d i e s  a l s o  d e m o n s t r a t e d  th e  s p e c i f i c i t y  
o f  t h e s e  t e s t s  to  h e m o g lo b in ,  a n d  n o t  t o  o t h e r  s u b s t a n c e s  in  th e  m u c u s .
( 2) K e to n e  b o d i e s  in  s k in  m u c u s
T h e  e x p e r i m e n t s  o n  f r e e  h e m o g lo b in  s u g g e s t e d  th e  p o s s i b i l i t y  
t h a t  s k in  m u c u s  c o u ld  a l s o  r e v e a l  s p e c i f i c  s o u r c e s  o f  s t r e s s  s u c h  a s  
s t a r v a t i o n .  A n  e x p e r i m e n t  w a s  p e r f o r m e d  in  w h ic h  ' s t i x '  w e r e  a g a in  
u s e d ,  b u t  t h i s  t im e  to  d e t e r m i n e  th e  p r e s e n c e  o f  k e to n e  b o d i e s  in  th e  
s k in  m u c u s  o f  s t a r v i n g  m u l l e t  ( a s  a l l  m i l k f i s h  a r e  b e in g  r e t a i n e d  f o r  
b r e e d i n g ) .  T h e s e  m u l l e t  d id  s h o w  p o s i t i v e  r e a c t i o n s  f o r  k e to n e  b o d i e s  
a s  th e  s t a r v a t i o n  p e r i o d  l e n g t h e n e d .  A f t e r  f e e d in g  w a s  r e s u m e d ,  k e to n e  
b o d y  r e a c t i o n s  d e c r e a s e d .
T h e s e  e x p e r i m e n t s  o n  s t r e s s  d e m o n s t r a t e  th e  v a lu e  o f  u s in g  
s k in  m u c u s  o f  f i s h e s  to  q u ic k ly  a s s e s s  t h e i r  h e a l t h .  T h e y  a l s o  sh o w  th e  
c a s e  o f  th e  te c h n iq u e  o f  t e s t i n g  a n d  r e v e a l  th e  p r o m i s e  o f  ' s t i x '  in  
d iag n o sin g  g e n e r a l  a n d  s p e c i f i c  f o r m s  o f  s t r e s s .
F u t u r e  w o r k  o n  s t r e s s  m a y  in c lu d e  th e  f o l lo w in g :  ( 1 ) w o r k in g  o u t  
th e  t im e  r e l a t i o n s h i p s  b e tw e e n  th e  f i r s t  d e t e c t io n  o f  s t r e s s  a n d  
s u b s e q u e n t  a p p e a r a n c e  o f  p a th o l o g i c a l  c o n s e q u e n c e s . T h e s e  c o n s e q u e n c e s  
m a y  in c lu d e  l i p o b l e p h e r i t i e s  in  t h e  m i l k f i s h ,  a b n o r m a l  b e h a v i o r ,  o r  
m o r t a l i t y  i t s e l f ;  ( 2 ) i n v e s t i g a t i n g  w h a t  e f f e c t s  c e r t a i n  c o n d i t i o n s  o f 
c o n ta i n m e n t  m a y  h a v e  in  p r o d u c in g  s t r e s s ;  a n d  (3 ) e x a m in in g  o t h e r  
f i s h  s p e c i e s  f o r  s t r e s s -  a n d  s t a r v a t i o n - a s s o c i a t e d  f r e e  h e m o g lo b in  
a n d  k e to n e  b o d y  p r o d u c t i o n ,  r e s p e c t i v e l y .  In  a l l  c a s e s ,  s t r e s s  s tu d i e s  



















































th e  c o lo r  c h a n g e  o n  a  p l a s t i c  s t r i p  ( 's t i x ' ) - - w i t h o u t  r e s o r t i n g  to  m o r t a l i t y  
a n d  th e  w a s t e  o f a n i m a l s  t h a t  i t  e n t a i l s .
S u r v e y  o f  N a t u r a l l y  O c c u r r i n g  P a th o lo g y
A u t o p s ie s  f o r  n a t u r a l l y  o c c u r r i n g  d i s e a s e s  w e r e  r o u t i n e ly  p e r f o r m e d  
o n  f i s h e s  a s  t h e i r  l e n s e s  w e r e  b e in g  c o l l e c t e d .  A b o u t  50 a u t o p s i e s  h a v e  
a l r e a d y  b e e n  p e r f o r m e d  o n  m i l k f i s h  a n d  o t h e r  s p e c i e s .
M i lk f i s h  h a v e  b e e n  fo u n d  to  h a v e  a  h ig h  in c id e n c e  o f  a  g r o s s l y  a n d  
h i s t o l o g i c a l l y  i d e n t i f i a b le  g a s t r i t i s .  O f 60  in d iv id u a l s  a u to p s i e d ,  t h i s  
c o n d i t io n  w a s  fo u n d  in  67% . W i th  r e s p e c t  to  l o c a t io n  o f  c a p t u r e ,  th e  
p e r c e n t a g e  o f  a f f l i c t e d  f i s h  r a n g e s  f r o m  38%  to  100% . O th e r  p a r a m e t e r s  
f o r  e x a m p le  f i s h  s i z e ,  s e x ,  e t c . ,  a r e  c u r r e n t l y  b e in g  e v a lu a t e d  f o r  
p o s s ib l e  r e l a t i o n s h i p  to  th e  s to m a c h  c o n d i t io n .
T h e  w e l l  k n o w n  'n e r v o u s n e s s '  o f  th e  m i l k f i s h  m a y  b e  a  m a n i f e s t a t i o n  
o f  th e  s to m a c h  i r r i t a t i o n ,  o r  i t s  c a u s e .  T h e  r o l e  o f t h i s  c o n d i t io n  in  
th e  l o n g - t e r m  h e a l t h  a n d  s u r v i v a l  o f  th e  a n im a l  i s  c u r r e n t l y  b e in g  
e v a l u a t e d .  F o r  e x a m p l e ,  d o e s  th e  s t o m a c h  l in in g  s o m e t im e  s b l e e d ,  
c a u s in g ,  a s  i t  d o e s  in  h u m a n s ,  a n e m i a  o r  e v e n  m o r t a l i t y  i f  e n o u g h  
b lo o d  i s  l o s t  to  l e a d  to  h y p o v o le m ic  s h o c k ?  A p o s s i b l e  p r e v e n t iv e  
i s  a l s o  b e in g  c o n s i d e r e d .
T h e r e  i s  e v id e n c e  t h a t  a  w id e  v a r i e t y  o f  c o n d i t i o n s - - e . g .  s t r e s s ,  
m i c r o b i a l  d i s e a s e ,  t r a u m a ,  m a l i g n a n c y ,  e t c . - -  c a n  l e a d  to  c lo t  f o r m a t i o n  
in  v i v o . I t  h a s  b e e n  s p e c u l a t e d  t h a t  s h o u ld  s u c h  c lo t s  f o r m ,  f r o m  
w h a t e v e r  c a u s e ,  a n d  lo d g e  in  b lo o d  v e s s e l s  to  v i t a l  o r g a n s ,  f o r  e x a m p le  
th e  h e a r t ,  i t  c o u ld  r e s u l t  in  th e  d e a th  o f  f i s h .
T o  e x p lo r e  t h i s  p o s s i b i l i t y  in  m i l k f i s h ,  th e  h e a r t s  a n d  v e n t r a l  
a o r t a s  f r o m  f o u r  in d iv id u a l s  w e r e  a u t o p s i e d .  T h e  v e n t r a l  a o r t a  f r o m  
o n e  o f  t h r e e  o f t h e s e  f i s h ,  a l l  o f  w h ic h  h a d  b e e n  c a u g h t  b y  h o o k  a n d  
l in e  a n d  s t o r e d  f r o z e n  p r i o r  to  a u to p s y ,  r e v e a l e d  s e v e r a l  'o l d ' ,  o r g a n i z e d  
c l o t s .  B e c a u s e  o f  t h e i r  s i z e ,  n u m b e r  a n d  l o c a t io n ,  t h e y  a l m o s t  c e r t a i n l y  
i n t e r f e r e d  to  s o m e  e x t e n t  w i th  th e  o u tf lo w  o f b lo o d  f r o m  th e  h e a r t .  
M o s t  d r a m a t i c ,  h o w e v e r ,  w e r e  t h e h e a r t s  f r o m  th e  r e m a i n i n g  tw o  f i s h  
in  t h i s  g r o u p  a n d  a  f o u r t h  f i s h ,  w h ic h  d i e d  o f  u n k n o w n  c a u s e s  a f t e r  
t h r a s h i n g  a b o u t  in  a  p o n d  f o r  a p p r o x i m a t e l y  o n e  h o u r .  T h e s e  h e a r t s  e a c h  
c o n ta in e d  a  f a i r l y  f r e s h  c lo t  t h a t  w a s  s o l id ly  i m p a c te d  in  th e  c o n u s  
a r t e r i o s u s .  T h e r e  w a s  n o  q u e s t i o n  t h a t  t h i s  c lo t  c o m p le te ly  s e a l e d  th e  
o u tf lo w  t r a c t  f r o m  th e  h e a r t ,  a n d  t h a t  t h e s e  ( o r  a n y  o t h e r )  f i s h  c o u ld  



















































S tu d ie s  c o n t in u in g  o n  m o r e  a n i m a l s  a r e  s t r e n g th e n i n g  th e  
h y p o t h e s i s  o f  in  v iv o  c lo t t in g  f r o m  a  v a r i e t y  o f  c o n d i t i o n s ,  a s  
m e n t io n e d ,  r e s u l t i n g  in  a t  l e a s t  m o r b i d i t y  ( f i r s t  m i l k f i s h  a b o v e )  
o r  th e  f in a l  c a u s e  o f  d e a t h  ( r e m a i n i n g  t h r e e  m i l k f i s h  a b o v e ) .  T h e  
c o n d i t io n s  t h a t  i n i t i a t e d  c lo t  d e v e lo p m e n t  in  th e  f i r s t  a n d  f o u r t h  
m i l k f i s h  o f  t h i s  s tu d y  a r e  n o t  c l e a r ;  b u t  h y p o x ia - in d u c e d  v e n t r i c u l a r  
f i b r i l l a t i o n ,  r e s u l t i n g  in  b lo o d  s t a s i s  in  th e  h e a r t ,  i s  p r o b a b ly  th e  
c a u s e  o f  th e  c l o t s  in  tire  o t h e r  tw o  o c e a n - c a u g h t  f i s h ,  a n d  m a y  a l s o  
h a v e  b e e n  in v o lv e d  in  f o r m in g  th e  c lo t  in  th e  p o n d  f i s h .  In  m a n y  
c a s e s ,  th e  c o n d i t i o n s  i n i t i a t i n g  c lo t  d e v e lo p m e n t  m a y  n o t  b e  e v id e n t ,  
b u t  th e y  m a y  b e  c o n s i d e r e d  o r  a c a d e m ic  c o n c e r n  b e c a u s e  th e  c l o t s  o n c e  
f o r m e d  b e c o m e  th e  p r i n c i p a l  p r o b l e m . T h e r e f o r e ,  e f f o r t  i s  b e in g  
d i r e c t e d  a t  e v a lu a t in g  t e s t s  f r o m  h u m a n  c l i n i c a l  l a b o r a t o r y  m e d ic in e  
to  d e t e c t  c lo t t i n g  in  i t s  e a r l i e s t  s t a g e s ,  a n d  o f  w a y s  to  s to p  i t s  
f u r t h e r  p r o p a g a t io n  in  th e  l iv e  a n i m a l .
Im m u n e  S t a tu s  o f  M i lk f i s h
A p o s s ib l e  q u ic k  a n d  e a s y  m e th o d ,  a d a p te d  f r o m  h u m a n  c l i n i c a l  
l a b o r a t o r y  m e d i c i n e ,  w a s  t e s t e d  f o r  a s s a y i n g  th e  p r e s e n c e  a n d  
c o n c e n t r a t i o n  o f  p r o t e c t i v e  a n t i b o d i e s  in  m i l k f i s h .  T h e  m e th o d ,  k n o w n  
a s  r a d i a l  im m u n o d i f f u s io n  ( R . I . D . ) ,  c o n s i s t s  o f  a p p ly in g  s a m p l e s  o f 
e x t r a c t - - i n  t h i s  c a s e ,  f r o m  m i l k f i s h  l e n s  n u c le i  (a n  e a s i l y  o b ta in e d  
a n d  s t o r e d  s o u r c e ) - - o n  a  g e l  c o n ta in in g  a n t i s e r u m  a g a i n s t  a n t i b o d i e s .  
P o s i t i v e  r e s u l t s  a r e  p r o d u c e d  in  th e  f o r m  o f  r i n g s  o f p r e c i p i t a t e  
a r o u n d  th e  s i t e s  o f s a m p le  a p p l i c a t i o n .  In  th e  m i l k f i s h ,  s o m e  
v a r i a t i o n  in  c o n c e n t r a t i o n  o f  p r e c i p i t a t e  a m o n g  i n d iv i d u a l s  w a s  
o b s e r v e d ,  b u t  r e s u l t s  w e r e  a l l  c l e a r l y  p o s i t i v e .  T h e y  s u g g e s t  t h a t  
R . I . D .  c a n  b e  a p p l i e d  a s  p r a c t i c a b l e  m e th o d  in  m i l k f i s h  c u l t u r e  f o r :
a )  F o l lo w in g  th e  c h e m i c a l  i m m u n e  r e s p o n s e  o f  in d iv id u a l s  
in  b o th  h e a l t h  a n d  d i s e a s e  ( p o s s ib ly  u s in g  b lo o d  o r  s k in  
m u c u s  f o r  t h i s ) ,  a n d
b )  D i f f e r e n t i a t i n g  m i l k f i s h  s to c k s  w i th  v a r y i n g  d e g r e e s  o f  
a n t ib o d y  p r o d u c t i o n .  T h o s e  w i th  the  h i g h e s t  t i t e r s  m a y  



















































H y p e r s e n s i t i v i t y  R e s p o n s e s  to  M ilk f is h  S e r u m
T h e  c o m m o n  H a w a i ia n  s e a  c u c u m b e r ,  H o lo th u r i a  c i n e r a s c e n s , 
r e s p o n d s  w i th  s e v e r e  c o n t r a c t i o n s  o f  i t s  b o d y  w a l l  m u s c u l a t u r e  to  
c o n ta c t  w i th  d i lu t e d  m i l k f i s h  s e r u m .  T h i s  r e s p o n s e  a p p e a r s  to  b e  
im m u n o lo g ic  in  n a t u r e ,  a n d  d e s e n s i t i z a t i o n  i s  p o s s i b l e  l e a d in g  to  
im p r o v e d  h e a l t h  a n d  lo n g e v i ty .  F o l lo w  up  s t u d i e s  a r e  a t t e m p t i n g  t o  
e v a lu a t e  t h e  s e a  c u c u m b e r / m i l k f i s h  s e r u m  s y s t e m  f o r  i n v e s t i g a t in g  
im m u n o lo g ic  r e s p o n s e s ,  s t r e s s  r e s i s t a n c e ,  a n d  lo n g e v i ty  in  a n  
i n v e r t e b r a t e  g e n e r a l l y  c o n s i d e r e d  a n c e s t r a l  to  f i s h e s  a n d  o t h e r  
v e r t e b r a t e s ,  in c lu d in g  m a n .  A p p l i c a t i o n  a n d  b e n e f i t s  to  t h e  l a t t e r  
g r o u p  a r e  a n t i c ip a t e d  f r o m  t h i s  b a s i c  r e s e a r c h .
T a g  D e v e lo p m e n t  a n d  T r a c k i n g
T h e  c o n v e n t io n a l  a c o u s t i c  f i s h  t a g ,  a  p i n g e r  w h ic h  p e r i o d i c a l l y  
e m i t s  a  s h o r t  p u l s e  o f  h i g h - f r e q u e n c y  s o u n d , h a s  b e e n  in  u s e  f o r  
m a n y  y e a r s ,  w i th  c o n s i d e r a b l e  s u c c e s s  in  l a k e s ,  r i v e r s  a n d  e s t u a r i e s .  
F o r  e x a m p le ,  p i n g e r s  f a c i l i t a t e d  m u c h  of w h a t  is  k n o w n  a b o u t  t h e  
h a b i t s  o f s a lm o n  in  o u r  w a t e r w a y s .
T h e  s im p le  p i n g e r  f a i l s  in  th e  o p e n  s e a ,  h o w e v e r ,  b e c a u s e  i t  
p r o v i d e s  o n ly  o n e  d i m e n s io n  o f  t h e  r e q u i r e d  t r a c k i n g  i n f o r m a t io n ,  
d i r e c t i o n  l e a v in g  d i s t a n c e  a n d  d e p th  a l m o s t  i m p o s s i b l e  to  e s t i m a t e .
A  l e s s - k n o w n  b u t  v e r y  e f f e c t i v e  d e v ic e ,  th e  a c o u s t i c  t r a n s p o n d e r  
F i g .  4 ,  i s  a b le  to  p r o v id e  t h e s e  m i s s i n g  d i m e n s i o n s ,  w h i l e  a t  t h e  s a m e  
t i m e  m a k in g  m o r e  e f f i c i e n t  u s e  o f i t s  b a t t e r i e s . B r i e f l y ,  th e  t r a n s p o n d e r  
c o n ta i n s  a  s e n s i t i v e  a c o u s t i c  r e c e i v e r ,  a n d  o n ly  e m i t s  i t s  p u l s e s  u p o n  
h e a r i n g  a  c o d e d  s i g n a l  f r o m  th e  t r a c k i n g  e q u ip m e n t .  R a n g e  i s  d e r i v e d  
f r o m  t h e  r o u n d - t r i p  t r a v e l  t i m e  o f t h e  i n t e r r o g a t i n g  a n d  r e s p o n d i n g  
s i g n a l s .  T h e  r e s p o n d i n g  s i g n a l  m a y  b e  c o d e d  to  p r o v id e  d e p th  o r  
o t h e r  a d d i t i o n a l  i n f o r m a t i o n .
T r a c k i n g  r e q u i r e m e n t s  o f  o n e  k m  f o r  r a n g e  a n d  3 0 0  m  f o r  d e p th  
in  t h e  o p e n  o c e a n ,  a n d  l e s s e r  v a lu e s  in  c o a s t a l  w a t e r s ,  a r e  a d e q u a te  
f o r  n a v ig a t io n  o f s m a l l  c r a f t  to  k e e p  a  m i g r a t i n g  m i l k f i s h  in  s ig h t  o n  
t h e  s o n a r  s c r e e n .  T h e s e  r e q u i r e m e n t s  c a n  b e  m e t  b y  a  c o m m e r c i a l l y  
a v a i l a b l e  h i g h - r e s o l u t i o n  s o n a r  s e t  ( W e s m a r  2 0 0 A B , W e s t e r n  M a r in e  
E l e c t r o n i c s ,  S e a t t l e ,  W a s h in g to n ) ,  s u i t a b l y  m o d i f ie d ,  in  c o n ju n c t io n  



















































A d u l t  m i l k f i s h  d i s s e c t e d  sh o w  l a r g e ,  e lo n g a t e d  s w im  
b l a d d e r s ,  e x te n d in g  o v e r  a b o u t  h a l f  t h e i r  b o d y  l e n g t h .  T h e  
a c o u s t i c a l  t a r g e t  s t r e n g t h  o f  s u c h  a n i m a l s  i s  20 to  25 d b  f o r  
a n  e f f e c t i v e  s o u r c e  l e v e l  o f  1 ,2 0 0  w a t t s ,  w i th  d i r e c t i v i t y  in d e x  
o f  18 d b  w i th  r e s p e c t  to  a n  i s o t r o p i c  s o u r c e .  T a k in g  th e  a c t i v e  
s o n a r / p a s s i v e  t a r g e t  c a s e ,  a n d  a l lo w in g  a n  e c h o  s i g n a l - t o - n o i s e  
r a t i o  o f  /  6 d b , th e  m a x i m u m  a l lo w a b le  t r a n s m i s s i o n  l o s s  i s  
87 d b  f o r  t r o p i c a l  o c e a n ic  c o n d i t i o n s .  T h i s  m u c h  l o s s  w i l l  
o c c u r  in  s o m e w h a t  o v e r  100 y a r d s  ( 9 0 .7 7 m ) .  F o r  a  s c h o o l  
o f , s a y ,  100  f i s h ,  t h e  r a n g e  a b o u t  d o u b l e s .  T h u s  a n  u n ta g g e d  
i n d iv id u a l  ( o r  s c h o o l)  c a n  b e  r e l i a b l y  d e t e c t e d  o n ly  i f  it i s  l e s s  
t h a n  100 y a r d s  ( 9 0 .7 7  m )  o r  2 0 0  y a r d s  ( 1 8 1 .5 4  m )  a w a y .



















































I n t r o d u c in g  a  1 - w a t t  t r a n s p o n d e r  h a s  th e  e f f e c t  o f  i n c r e a s i n g  th e  
a p p a r e n t  t a r g e t  s t r e n g t h  o f  a  t a g g e d  f i s h  to  / 7 5  d b , a n  o v e r a l l  i n c r e a s e  
o f  100  d b .  A l lo w in g  th e  s a m e  e c h o  s i g n a l - t o - n o i s e  r a t i o  a s  b e f o r e ,  
th e  m a x im u m  d e t e c t io n  r a n g e  i s  n o w  1 ,3 0 0  y a r d s  ( 1 ,1 8 0  m ) ,  w h ic h  
m a t c h e s  w e l l  w i th  th e  1 k m  d i s p l a y  r a n g e  o f th e  W e s m a r  s o n a r .
T h e  W e s m a r  s o n a r  h a s  b e e n  i n s t a l l e d  a n d  m o d i f i c a t i o n s  d e s ig n e d  
a n d  t e s t e d  to  p r o v id e  a n  i n t e r r o g a t i o n  s i g n a l .  A  p r o to t y p e  t r a n s p o n d e r  
h a s  b e e n  d e s ig n e d  a n d  d u m m y  t a g s  f i t t e d  to  l iv e  a d u l t s .
N o a t t e m p t  h a s  b e e n  m a d e  y e t  to  m i n i a t u r i z e  th e  t r a n s p o n d e r  
c i r c u i t ,  a s  t h i s  w i l l  r e q u i r e  t o o l in g  t h a t  i s  c i r c u i t - d e p e n d e n t .  H o w e v e r ,  
n o  p r o b l e m s  in  t h i s  r e g a r d  a r e  a n t i c i p a t e d  a n d  th e  t r a n s p o n d e r 's  b a t t e r y  
w i l l  b e  i t s  l a r g e s t  c o m p o n e n t .
A c k n o w le d g e m e n ts
In  a d d i t i o n  to  th e  tw o  a u t h o r s  o f  t h i s  r e p o r t  to  th e  C o n f e r e n c e ,  
o t h e r  s e n i o r  s c i e n t i f i c  s t a f f  in v o lv e d  in  th e  p r o g r a m  a r e  G uy  N . R o th w e l l ,  J r .  
( e l e c t r o n i c  e n g in e e r in g )  a n d  A l b e r t  C . S m ith ,  P h . D . ,  M .D .  (p a th o lo g y ) .  
T h e  t e a m  i s  b a c k e d  b y  th e  s c i e n t i f i c  a n d  t e c h n i c a l  a q u a c u l t u r e  s t a f f  o f 


















































Working P ap e r No. 12
MILKFISH CULTIVATION IN SARAWAK
by
Ong Kee Bian
A b strac t
The paper re p o rts  the re su lts  of experim en ta l re a rin g  of 
m ilk fish  fry  in both f re s h  and b rack ish w ate r ponds in Saraw ak. Date 
on the growth and su rv iva l of th ese  im ported  fry  a re  a lso  given.
Introduction
Adult m ilkfish  has been re p o rte d  to  occur in Kuala Law as in the 
F ifth  Division (Ong, 1968). The cultivation of th is  fish  was f i r s t  
experim ented  on when a batch of 5000 m ilkfish  fry  w ere  im ported  fro m  
T hailand in 1971. Of th e se , 4 ,000  fry  w ere  stocked in both the b rack ish  
and fresh w ate r ponds in  the C oasta l A quaculture S tation, Sem ariang Batu, 
while the r e s t  w ere  stocked in the fre sh w ate r ponds of Semongok. At 
Sem ariang Batu, it  w as observed  tha t the fish  stocked in b rack ish w ate r 
pond3 grew  m uch fa s te r  than those stocked in the fre sh w a te r ponds. 
The y ie ld  is  considered  rem ark ab ly  high with our p re sen t m ethod of 
cu ltu re . No explanation could be given except tha t organic m a n u re / 
pou ltry  dropping w as added d ire c tly  fro m  the poultry  shed bu ilt over 
the  ponds. No specia l n u rs e ry  ponds w ere  used . The fry  w ere stocked 
d irec tly  in to  the re a r in g  ponds.
E xperim ents and R esu lts
E xperim ent 1
F ry  of 15-20 m m  w ere stocked in a  one-half a c re  (0 .2  h ec tare ) 
b rack ish w ate r pond a t a stocking density  of 2, 000 fry  per a c re  (approx. 
1 f ry /2  sq m ). The salin ity  of w a ter ranged fro m  3 to  18‰ . 
Unlike the ponds used  in Indonesia, the w ater level could not be kept a t 
a low lev e l of 30.5 to  61 cm  (1-2ft), but a t a depth of about 91.5 cm  
(3 ft) . P o u ltry  dropping was used  to  fe r ti l iz e  the pond and fine r ic e  
b ran  was used  as feed . T h ere  was litt le  o r no a lgal fe lt found on the 
bottom  of the pond.
*D epartm ent of A gricu ltu re  Inland F ish e r ie s  B ranch, Kuching Saraw ak 



















































S a m p l in g  d o n e w h e n  t r a n s f e r r i n g  th e  f i s h  t e m p o r a r i l y  t o  a n o t h e r  
p o n d  t o  a l lo w  r e p a i r  w o r k  t o  b e  c a r r i e d  o u t s h o w e d  t h a t  t h e y  g r e w  t o  
140  n u n  in  80 d a y s .
A f t e r  s to c k in g  f o r  15 m o n th s  th e  f i s h  w e r e  h a r v e s t e d .  T h e y  g r e w  
t o  a n  a v e r a g e  s i z e  o f 3 6 8 . 3 m m  ( 1 4 .5 " )  a n d  t o  a n  a v e r a g e  w e ig h t  o f 
6 8 8  g ( a p p r o x .  1 - 1 / 2  l b ) .  T h e  r e c o v e r y  r a t e s  w e r e  7 7 .2 %  a f t e r  80 d a y s  
a n d  a b o u t  50%  a f t e r  1 - 1 / 4  y e a r s  o f  s to c k in g .
T h e  g e n e r a l  g r o w th  o f  f r y  w h e n  fo o d  a n d  s to c k in g  c o n d i t i o n s  w e r e  
s a t i s f a c t o r y  w a s  a b o u t  5 0 - 7 0  m m  in  1 m o n th ,  1 2 0 -1 5 0  m m  in  2 m o n th s  
a n d  4 0 0  m m  in  1 y e a r  ( H o r a  a n d  P i l l a y ,  1 9 6 2 ) .
E x p e r i m e n t  2
W h e n  o t h e r  f a c t o r s  r e m a i n e d  th e  s a m e ,  w i th  r e d u c e d  s to c k in g  r a t e  
o f  1 2 0 0  f r y  p e r  a c r e  ( 3 ,0 0 0  f r y / h e c t a r e  o r  a p p r o x .  1 f r y / . 83  s q  m ,  
th e  g r o w th  w a s  4 0 .6 7 4  c m  (1 6 " )  a n d  8 9 0 .2  g o v e r  t h e  s a m e  g r o w in g  
p e r i o d .  T h e  r e c o v e r y  w a s  8 1 .8 %  in  3 m o n th s  a n d  6 5 .2 %  i n  1 - 1 / 2  
y e a r s  s to c k in g .
H o w e v e r ,  in  p o n d s  w h e r e  i n o r g a n i c  f e r t i l i z e r  w a s  u s e d ,  t h e  f i s h  
a t t a i n e d  t h e  l e n g th  o f 3 0 .5  c m  (1 2 " )  in  o n e  a n d  a  h a l f  y e a r s  b u t  o n ly  
w i th  a n  a v e r a g e  w e ig h t  o f 4 6 0 .0  g ( s l i g h t l y  o v e r  1 l b ) .  E x p e r i m e n t s  
i n d i c a t e  t h a t  p o u l t r y  m a n u r e  i s  s u p e r i o r  to  i n o r g a n i c  f e r t i l i z e r .
T h e  s e c o n d  b a t c h  o f  f r y  i m p o r t e d  f r o m  T h a i l a n d  on  O c t o b e r  2 2 , 
1 9 7 3  w a s  in  p o o r  c o n d i t i o n .  P r a c t i c a l l y ,  a l l  o f  t h e  f r y  d i e d  on  th e  
s e c o n d  d a y  a f t e r  t h e  a r r i v a l .
T h e  t h i r d  b a tc h  o f  6 4 0 0 0 f r y  w i th  s i z e s  r a n g in g  f r o m  15 t o  20 m m  
w a s  r e c e i v e d  o n  J u n e  8 , 1 9 7 5  f r o m  I n d o n e s i a .  T h e s e  w e r e  k e p t  in  a n  
e n c l o s u r e  m a d e  o f c o a r s e  m a t e r i a l  ( c lo th )  f o r  tw o  m o n th s  b e f o r e  t h e y  
w e r e  s e n t  to  P u e h ,  S e m a t a n  a n d  P u n a n g .  T h e  f r y  g r e w  t o  102  m m  
( a b o u t  4 " )  in  2 m o n th s .  T h e  f e e d  c o n s i s t e d  o f r i c e  b r a n .
R e f e r e n c e
H o r a ,  S . L .  a n d  T . V . R .  P i l l a y ,  1 9 6 2 . H a n d b o o k  on  f i s h  c u l t u r e  
in  t h e  I n d o - P a c i f i c  r e g i o n .  F A O  F i s h  B io l .  T e c h .  P a p . ,  


















































W orking P ap er No. 13
NOTES ON FOOD AND FEEDING HABITS 
OF MILKFISH (CHANOS CHANOS) FROM THE SEA
by
Alie Poernom o*
A b strac t
Study on the n a tu ra l food of adult m ilk fish  was m ade from  
specim ens caught from  the open sea . The contents of guts fro m  15 
specim ens w ere qualita tively  analysed, and both planktonic as w ell as 
benthic fo rm s w ere  encounted. The re la tionsh ip  betw een the gut length 
and body length has been w orked out. Ten out of 15 m ilk fish  exam ined 
w ere  a lso  found to be infected w ith A canthocephalan p a ra s ite s  confined 
m ainly to the a n te r io r  p a r t  of the in testine .
Introduction
Under the UNDP/FAO p ro je c t on B rack ishw ater Shrim p and 
m ilk fish  C ulture Applied R esea rch  and Training, operating  fro m  the 
Shrim p C ulture R esea rch  C en tre , Jep a ra , an intensive p ro g ram  of 
m atu ra tio n  and spawning of m ilk fish  has been in itia ted . One im portan t 
asp ec t of th is p ro g ram  is attem pting  hypophysation and spawning of 
m ilk fish , u tilising  spaw ners caught fro m  the open sea . Spaw ners co l­
lec ted  under the above p ro g ram  a re  a lso  being u tilised  fo r a continuing 
study of the n a tu ra l food of la rge  m ilk fish , as our in form ation  on th is 
a sp ec t a t p re sen t is fa r  from  com plete. The sa lien t fea tu re s  of this 
study a re  b rie fly  rep o rted  in th is note.
M ate ria l and Method
During the cou rse  of the study 24 specim ens ranging fro m  52 c m / 
1.15kg to 101cm /9 .0  kg have been exam ined, and the contents of 15 guts 
w ere  qualita tively  analysed . The coils of the guts w ere carefu lly  u n ra ­
velled and the length of each gut reco rded . A nalysis of the gut contents 
was m ade sec tion -w ise  sep a ra te ly  from  oesophagus, g izzard , duodenum 
and in testine , to gain som e idea of the extent of d igestion  of d ifferen t 
item s of the ingested m a tte r .
*P ro je c t C o-M anager, UNDP/FAO B rack ishw ater Shrim p and m ilkfish  




















































Length of gut in re la tio n  to the to ta l body length of the specim en 
ranged from  3. 32 to 7 .1 , but no definite c o rre la tio n  could be estab lished .
Out of the 15 guts analysed, two w ere em pty. In m ost of the 
specim ens exam ined the a n te rio r  reg ion  of the a lim en ta ry  cana l fro m  the 
oesophagus to the g izzard  was em pty. Only in th ree  specim ens this 
reg ion  contained som e food. State of fu llness of the gut was low in a ll 
specim ens, though generally , guts of sm a lle r  specim ens contained m ore  
food than the la rg e r  specim ens. However, the lim ited  num ber of guts 
analysed  does not p e rm it any in ference about feeding habits in re la tio n  
to sex and m a tu rity  of the spec ies.
In a lm ost a ll  specim ens the gut contents included appreciab le  
quantities of a slim y, sem i-so lid  substance, as observed by e a r l ie r  
w orkers  a lso . Indistinguishable, organic d e tritu s  accounted for the 
bulk of the gut contents in a lm ost a ll specim ens. A m ong the d is tin g ­
u ishable ite m s  the th ree  dom inant fo rm s a re  lis ted  in o rd e r of 
abundance in Table 1.
Though diatom s w ere  rep re se n te d  by se v e ra l spec ies, and usually  
in bulk, they constitu ted  only a sm all p roportion  of the contents. In 
specim en No. 13, how ever, Coscinodiscus form ed an appreciab le  p a rt 
of the contents. In specim ens No. 10 and 12 the dom inant item  of food 
was L ucifer which w ere  packed in the p o s te r io r  end of oesophagus 
ad jacen t to g izzard  and w ere d isce rn ib le  in d ifferen t stages of d igestion  
throughout the gut (P late  1). However, in specim ens No. 2 and 11 
bottom  in v e rteb ra te s  such as gastropods, la m e llib ranchs and th e ir  
broken shells, and fo ram in ife ra  constitu ted  the bulk of the feed (P la tes  
2 and 3). Both planktonic as w ell as benthic organ ism s w ere  encountered 
in the gut contents.
P a ra s it is m
Ten out of the 15 specim ens exam ined w ere  infected with 
A canthocephalan p a ra s ite s  (P la tes 4, 5, and 6). These p a ra s ite s  w ere 
m ainly  confined to the a n te r io r  p a r t of the in testine , though two of these  
extended a lso  into the duodenum and the g izzard . A ll s tages of the 
p a ra s ite s  w ere  p re sen t, the eggs (40-110 m icro n s), the young ones 
(10-50 mm) and the adults m easu rin g  50-80 m m  in length. The infection 
was heavy and the num ber of p a ra s ite s  encountered  v aried  fro m  45 to 
658. In a lm ost a ll case s  the in te s tin a l w all a t the infected a re a  was 
th icker com pared  to the uninfected portion  of the gut. This appears  to 
be the f i r s t  re p o rt of A canthocephalan p a ra s ite s  infecting m ilk fish . 

































































item s of 
food
Location from  
where caught
1 99 6 .20 in d is ­
tinguishable
535 P lan t tis su e , 
Copepods
Legon Gede
2 59 1.46 291 Broken shell of 
F o ram in ife ra , 
G astro p o d s
Legon Cede
3 100 7 .80 fem ale - 
spent
706.5 Em pty Katang
4 96 6 .30 m a le -m a tu re , 
oozing
349 P lan t tis su e , 
P le u ro s igm a, 
Copepods
Menco
5 52 1.15 - 201.7 None Legon P ingg ir
6 93.5 6 .50 m a le -m a tu re , 
oozing
338 P lan t tissue Menco
7 92 7 .30 in d is ­
tinguishable
556.5 N itzsch ia , 
Phorm idium , 
Copepods
G resik
8 101 9 .00 fem ale- 
developing
505.5 P leu ro sig m a, 
Rhizoso len ia , 
N itzsch ia ,
Menco
9 91.3 7 .20 m ale - 
developing
502 None Menco




11 91 5.75 fem ale- 
developing
303.5 Broken shell of 
F o ram in ife ra , 
G astropods
Legon Bajak
12 87.5 4.75 fem ale- 
developing




13 72.5 2.75 361.5 C oscinodiscus, Legon Bajak 
H yperiidean, 
Amphipods 
F ilam entous algae
14 90.5 5.30 m ale - 
developing
367.5 P lan t tis su e , 
O stra c ods, 
Copepods
Legon B ajak



















































P la te  1. L ucifer P la te  2. F o ram in ife ra , G astropods 
and o ther M olluscs
P la te  3. F o ram in ife ra  and 
broken shell of M olluscs
P la te  4. A canthocephalid w orm s
P la te  5. P robosc is  of 
A canthocephalid w orm s
P la te  6. Egg of A canthocephalid 




















































D ivergent opinions have been ex p re ssed  about the food and feeding 
habits of Chanos. LeM are 1950; c ited  by Tam pi, 1958 assum ed  Chanos 
to  be a se lec tive  feeder and Sunier c la ss ified  it as a benthic feeder 
(1922), while Chacko (1949) a f te r  studying over 300 s p e c im e n s  concluded 
that it is a plankton feed er. That Chanos is a plankton feeder has been 
rep o rted  from  Taiwan and Philippines and this view has been supported 
by the high production obtained from  the deep tam baks and fish  pens 
in Laguna de Bay in the Philipp ines, w here the predom inant food is 
planktonic. The g ill ra k e rs  of Chanos, though sm all, a re  num erous and 
joined together into an effective fine sieve tha t could re ta in  even fine 
food p a rtic le s .
Data p resen ted  in th is note a re  of in te re s t s ince  both planktonic 
as w ell as benthic o rgan ism s w ere  encountered in the gut contents. 
However, no in ference about the feeding habits of m ilk fish  could be 
draw n from  the few specim ens exam ined in the p re se n t study.
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W orking P ap er No. 14
OCCURRENCE OF MILKFISH EGGS IN THE 
ADJACENT WATERS OF PANAY ISLAND, PHILIPPINES
by
T etsush i Senta, Shigeru Kumagai and Leo Ver*
A b strac t
Location of spawning grounds of m ilkfish  is one of the m ost 
im portan t steps tow ards gaining knowledge on the spawning habits of the 
fish  as w ell as the e a r ly  life h is to ry  and natu re  of its eggs and la rv a e . 
The p re sen t study is an a ttem pt tow ards this objective. Surveys w ere 
m ade in se lec ted  a re a s  in the sea  around the Panay Island and m ilkfish  
eggs w ere co llected  on se v e ra l occasions from  su rface  to 20 m  depth 
w ater by towing w ith la rv a l n e ts . The eggs floated in the w ater in a 
g lass ja r .  The eggs and newly hatched larvae had the sam e c h a ra c te r ­
is tic s  as desc rib ed  by D elsm an (1929). A com parative study has been 
m ade to  d istingu ish  m ilk fish  eggs from  other m ore or le ss  s im ila r  s ize  
pelagic eggs of fishes occu rring  in the sam e w aters  a t the sam e tim e.
Introduction
The Philippines is s itua ted  in the cen ter of d is trib u tio n  of m ilk fish , 
Chanos chanos (F o rska l). F ilip ino  fish e rm en  offer sc ie n tis ts  a lo t of 
inform ation on spawning ac tiv itie s  and spawning s ite s  of adult m ilk fish . 
m ilk fish  with ripe  gonads and o thers  w ith spent gonads a re  often caught 
w ith g ill nets, se t nets and hook-and-l ine in various co asta l w a te rs . 
However, so fa r  nobody has yet succeeded in collecting m ilk fish  eggs 
fro m  Philippine w a te rs .
Aiming a t locating the spawning grounds of m ilk fish  and obtaining 
knowledge about e a r ly  life h is to ry  of m ilk fish  in the wild, the p re sen t 
au thors s ta r te d  la rv a l net co llections in the w aters  around Panay Island, 
Philipp ines, in e a rly  A pril, 1976. During the period  from  4 A p ril to 
13 May, 1976, a to ta l of 109 tows w ith a la rv a l net a t various lay e rs  
ranging fro m  the su rface  to  30 m  deep was m ade in s e v e ra l a re a s  
around Panay Island. m ilk fish  eggs w ere  found in 18 tows out of the 
109, and the to ta l num ber of eggs am ounted to 88. No m ilk fish  la rv a
*D r. Senta is Technical A dviser to the A quaculture D epartm ent, SEAFDEC, 
sen t by the Japan In te rna tiona l C ooperation Agency (JICA) fo r a 
period  of th ree  m onths, fro m  15 M arch  to 14 June, 1976. M r. 
Shigeru Kumagai and M r. Leo V er a re  re s e a rc h e r  and re s e a rc h  



















































w a s  e n c o u n t e r e d  i n  o u r  l a r v a l  n e t  s a m p l e s .  O n  t w o  o c c a s i o n s ,  a  f e w  o f  
t h e  m i l k f i s h  e g g s  c o l l e c t e d  w e r e  b r o u g h t  b a c k  a l i v e  t o  t h e  l a b o r a t o r y  a n d  
h a t c h e d  o u t  s u c c e s s f u l l y  i n  a  s m a l l  g l a s s  c o n t a i n e r .  O n e  o f  t h e  l a r v a e  
s u r v i v e d  f o r  1 0 2  h o u r s  a f t e r  h a t c h i n g .
I n  a n y  b i o l o g i c a l  p h e n o m e n o n ,  e . g . ,  s p a w n i n g  o f  f i s h ,  d i s t r i b u t i o n  
o f  e g g s ,  e t c . ,  d a i l y  s e a s o n a l - ,  a n d  a n n u a l  f l u c t u a t i o n s  m a y  o c c u r .  W e  
m a y  t h e r e f o r e ,  n e e d  y e a r - r o u n d  s u r v e y s  f o r  a t  l e a s t  t h r e e  y e a r s  c o v e r i n g  
a  w i d e  a r e a  b e f o r e  w e  c o m e  t o  a  c o n c l u s i o n  w i t h  a n y  c e r t a i n t y  r e g a r d i n g ,  
a m o n g  o t h e r  t h i n g s ,  w h e r e  a n d  w h e n  m i l k f i s h  m a i n l y  s p a w n ,  o r  i n  w h i c h  
a r e a  t h e i r  e g g s  a r e  m o s t  a b u n d a n t l y  d i s t r i b u t e d .  T h e  p r e s e n t  a u t h o r s  
w o u l d  l i k e  t o  r e q u e s t  t h e  r e a d e r s  o f  t h i s  r e p o r t  n o t  t o  c o m e  t o  a  h a s t y  
c o n c l u s i o n  r e g a r d i n g  t h e  s p a w n i n g  g r o u n d s  o f  m i l k f i s h .
M a t e r i a l s  a n d  M e t h o d s
T h e  l a r v a l  n e t  u s e d  i n  t h e  p r e s e n t  s t u d y  h a s  a  m o u n t - o p e n i n g  o f  
7 0 .  5  c m  i n  d i a m e t e r  o r  0 . 4  m 2  i n  a r e a ,  a n d  i s  m a d e  o f  n y l o n  g r i d  g a u z e  
o f  G G  3 8 ,  a b o u t  5 0 0  m i c r o n  i n  m e s h  s i z e  ( F i g .  1 ) .  A  f l o w - m e t e r ,  T S K  
4 - h a n d s  t y p e ,  w a s  a t t a c h e d  t o  t h e  c e n t e r  o f  t h e  m o u t h - o p e n i n g  o f  t h e  n e t .  
A t  e a c h  s t a t i o n  a n d  l a y e r ,  t h e  n e t  w a s  h o r i z o n t a l l y  t o w e d  f o r  1 0  m i n u t e s  
a t  a b o u t  1 . 5  k n o t s .
I n  a  s u r f a c e  t o w ,  t h e  n e t  w a s  k e p t  a p a r t  f r o m  t h e  s i d e  o f  t h e  b o a t  
b y  u s i n g  t h e  b o o m  s o  t h a t  t h e  n e t  w a s  t o w e d  o u t s i d e  t h e  w a k e  ( F i g .  2 a ) .  
I n  a  s u b s u r f a c e  t o w ,  t w o  n e t s  f o r  t w o  l a y e r s  w e r e  s i m u l t a n e o u s l y  t o w e d ,  
u s i n g  o n e  o f  t h e  w i r e  w a r p s  f o r  t r a w l  n e t .  A  1 5 - k g  d e p r e s s o r  w a s  f i t t e d  
a t  t h e  e n d  o f  t h e  w a r p ,  a n d  t h e  f i r s t  n e t  w a s  a t t a c h e d  1 . 5  m  a b o v e  i t .  
F a r t h e r ,  1 5  m  a b o v e  f r o m  t h e  f i r s t  n e t ,  o n e  e n d  o f  a  1 4 - m  r o p e  f o r  t h e  
s e c o n d  n e t  w a s  a t t a c h e d  ( F i g .  2 b ) .  T h e  t w o  n e t s  w e r e  c o n n e c t e d  w i t h  
e a c h  o t h e r  b y  a  r o p e ,  5  m  i n  l e n g t h .  T h e  w i r e  w a s  e x t e n d e d  t o  a  l e n g t h  
t h r e e  t i m e s  t h e  d e s i r e d  d e p t h  f o r  t h e  f i r s t  n e t .  T w o  p l a s t i c  f l o a t s ,  1 0  c m  
i n  d i a m e t e r ,  w e r e  t i e d  t o  t h e  m o u t h  f r a m e  o f  e a c h  o f  t h e  n e t s  t o  g i v e  a  
w e a k  b u o y a n c y  t o  t h e  n e t s .  T h i s  i s  t o  p r e v e n t  t h e  n e t  f r o m  s c o o p i n g  b o t ­
t o m  m u d  w h e n  t h e  b o a t  s t o p s  t o  h a u l  t h e  n e t ,  a n d  a  p r e c a u t i o n  n o t  t o  l o s e  
t h e  n e t  e v e n  i f  b r i d l e s  a r e  b r o k e n .
E a c h  l a r v a l  n e t  c o l l e c t i o n  w a s  u s u a l l y  k e p t  i n  a  s p e c i m e n  b o t t l e ,  
3 0 0  m l  i n  c a p a c i t y ,  a n d  p r e s e r v e d  i n  5 %  f o r m a l i n  s o l u t i o n  i n  s i t u .  T h e  
s p e c i m e n s  w e r e  e x a m i n e d  u n d e r  a  s t e r e o - m i c r o s c o p e  i n  t h e  l a b o r a t o r y  
t o  s o r t  o u t  m i l k f i s h  e g g s .  A  t r i a l  w a s  c a r r i e d  o u t  w i t h  s p e c i m e n s  f r o m  
1 6  t o w s  m a d e  o n  4  a n d  5  M a y  t o  p i c k  u p  m i l k f i s h  e g g s  a l i v e  i n  s i t u  
a b o a r d  t h e  b o a t .  T h e  r e m a i n i n g  s p e c i m e n s ,  a f t e r  s o r t i n g ,  w e r e  p r e s e r v e d  
i n  5 %  f o r m a l i n  a n d  l a t e r  t h e y  w e r e  e x a m i n e d  i n  t h e  l a b o r a t o r y  f o r  a n y  



















































F i g .  1 .  A  l a r v a l  n e t  u s e d  i n  t h e  s u r v e y s  o f  m i l k f i s h  e g g s  
a r o u n d  P a n a y  I s l a n d  i n  A p r i l  a n d  M a y ,  1 9 7 6 .  
T h e  n e t  i s  c o n i c a l ,  a n d  m a d e  o f  n y l o n  g r i d  g a u s e  
C G  3 8  ( m e s h  a b o u t  5 0 0  m i c r o n ) .  A  f l o w  m e t e r  w a s  
a t t a c h e d  a t  t h e  c e n t e r  o f  t h e  m o u t h  o p e n i n g .
F i g .  2 .  M e t h o d s  o f  t o w i n g  n e t  a t  s u r f a c e  ( a )  a n d  



















































W i t h  t h e  s p e c i m e n s  c o l l e c t e d  i n  t h e  A n t i q u e  w a t e r s  ( A n t i q u e  i s  o n e  
o f  t h e  f o u r  p r o v i n c e s  o f  P a n a y  I s l a n d )  i n  e a r l y  A p r i l ,  n o t  o n l y  m i l k f i s h  
e g g s  a n d  l a r v a e  ( t h o u g h  n o  m i l k f i s h  l a r v a  w a s  a c t u a l l y  f o u n d ) ,  b u t  a l s o  
e g g s  a n d  l a r v a e  o f  o t h e r  f i s h e s  w e r e  s o r t e d  a n d  c o u n t e d .  A n  e f f o r t  w a s  
m a d e  t o  i d e n t i f y ,  a s  d e t a i l e d  a s  p o s s i b l e ,  t h e s e  e g g s  a n d  l a r v a e .  O n l y  
m i l k f i s h  e g g s  a n d  l a r v a e  w e r e  l o o k e d  f o r  i n  t h e  c o l l e c t e d  s a m p l e s  d u e  t o  
l a c k  o f  t i m e .  F u r t h e r  a n a l y s i s  o f  t h e s e  s a m p l e s  w i l l  b e  d o n e  d u r i n g  " o f f  
s e a s o n "  i n  t h e  f u t u r e .
A r e a s  S u r v e y e d
F o r  c o n v e n i e n c e ' s  s a k e ,  t h e  a r e a s  c o v e r e d  b y  t h e  p r e s e n t  s u r v e y  
w e r e  d i v i d e d  i n t o  t h r e e  r e g i o n s :  1 .  A n t i q u e  w a t e r s ,  2 .  P a n a y  G u l f ,  a n d  
3 .  E s t a n c i a  w a t e r s .  ( F i g .  3 ) .
1 .  A n t i q u e  w a t e r s
A n t i q u e  P r o v i n c e ,  o n e  o f  t h e  f o u r  p r o v i n c e s  o f  P a n a y  I s l a n d ,  e x t e n d s  
a l o n g  t h e  e n t i r e  w e s t  c o a s t  o f  t h e  i s l a n d ,  f a c i n g  C u y o  E a s t  P a s s .  L a r v a l  
n e t  c o l l e c t i o n s  w e r e  m a d e  i n  t h r e e  a r e a s  i n  t h i s  r e g i o n :  i n  P a n d a y  B a y ,  
a r o u n d  B a t b a t a n  I s l a n d  a n d  o f f  H a m t i k .
a )  P a n d a n  B a y
P a n d a n  i s  l o c a t e d  a t  t h e  n o r t h e r n  e n d  o f  A n t i q u e  c o a s t ,  w h e r e  
t h e  c o a s t  l i n e  s u d d e n l y  t u r n s  t o  t h e  w e s t  t o  f o r m  a  b a y ,  P a n d a n  B a y .  
M a n y  f i s h  c o r r a l s  ( t r a d i t i o n a l  f i s h  t r a p s  m a d e  o f  b a m b o o  f e n c e s )  a r e  
s e t  i n  s h a l l o w  w a t e r s  a l o n g  t h e  c o a s t ,  a n d  f o u r  o t o s h i - a m i s  ( l a r g e  
s i z e  f i s h  t r a p  m a d e  o f  n e t ) *  a r e  s e t  a l o n g  t h e  n o r t h e r n  c o a s t  o f  t h e  
b a y .  A d u l t  m i l k f i s h ,  7 0  t o  9 0  c m  i n  f o r k  l e n g t h  a n d  4 .  5  t o  7 .  7  k g  
i n  w e i g h t ,  s o m e  w i t h  m a t u r e  g o n a d s  a n d  o t h e r s  e i t h e r  i m m a t u r e  o r  
w i t h  s p e n t  g o n a d s ,  a r e  o f t e n  c a u g h t  i n  f i s h  c o r r a l s  a n d  o t o s h i - a m i  
f r o m  A p r i l  t o  J u n e ,  b u t  p a r t i c u l a r l y  a b u n d a n t  i n  M a y .  I n  1 9 7 5 ,  1 0 6  
a d u l t  m i l k f i s h  w e r e  c a p t u r e d  i n  t h e  o t o s h i - a m i  d u r i n g  t h e  p e r i o d  f r o m  
1 0  M a y  t o  1 6  J u n e  ( A n o n . ,  1 9 7 6 ) .
A  t o t a l  o f  1 3  t o w s  o f  l a r v a l  n e t  c o l l e c t i o n  w e r e  m a d e  a t  v a r i o u s  
l a y e r s  f r o m  s u r f a c e  t o  2 0  m  d e e p  i n  e a r l y  A p r i l  a n d  e a r l y  M a y .  
T h e  d e p t h  o f  t h e  s e a  r a n g e d  f r o m  1 0  t o  3 3  m .
* T h e  w o r d  " o t o s h i - a m i "  i s  o r i g i n a l l y  a  J a p a n e s e  w o r d .  L o c a l  f i s h e r m e n  
c a l l  t h e  n e t  a l s o  " o t o s h i - a m i "  b e c a u s e  t h e  n e t s  w e r e  d o n a t e d  b y  t h e  
J a p a n e s e  G o v e r n m e n t  a n d  s o m e  J a p a n e s e  e x p e r t s  t a u g h t  t h e  f i s h e r m e n  



















































F i g .  3 .  R e c o rd  c o l l e c t i o n s  o f  m i l k f i s h  e g g s  a r o u n d  P a n a y  I s l a n d  
i n  A p r i l  and  M a y , 1 9 7 6 . F ig u r e s  b e lo w  th e  d a t e ,  f r o m  
l e f t  t o  r i g h t ,  s h o w : a )  t h e  d e p th  o f  th e  l ayer of wh ic h  
a l a r v a l  n e t  w as  to w e d ;  b )  t h e  n u m b e r o f  to w s  m a d e ; 
c )  t h e  n u m b e r  o f  to w s  w h ic h  y i e l d e d  m i l k f i s h  e g g s ;  



















































b )  B a t b a t a n  I s l a n d
B a t b a t a n  I s l a n d  i s  a  s m a l l  i s l a n d ,  a b o u t  4 . 4  k m  f r o m  e a s t  t o  
w e s t  a n d  a b o u t  1 . 5  k m  f r o m  n o r t h  t o  s o u t h ,  s i t u a t e d  a b o u t  s e v e n  
n a u t i c a l  m i l e s  o f f  L i p a t a  P o i n t ,  t h e  n o r t h e r n  p a r t  o f  A n t i q u e  c o a s t ,  
a n d  i s  s u r r o u n d e d  b y  a  d e e p  s e a  o f  o v e r  2 0 0  m e t e r s  d e e p .  N e a r  
t h e  e a s t e r n  e n d  o f  t h e  i s l a n d ,  a  s a n d y  s h a l l o w  a r e a  e x t e n d s  s o m e  
1 0 0  m  o r  s o  t o w a r d  s o u t h .  A  s a n d - b a r  d e v e l o p s  a l o n g  t h e  e a s t e r n  
m a r g i n  o f  t h e  s h a l l o w  a r e a  t o  f o r m  a  k i n d  o f  c o v e  w h i c h  o p e n s  
t o w a r d  s o u t h .  O u t s i d e ,  t h e  s a n d y  s h a l l o w  a r e a  i s  h e m m e d  b y  a  
r o c k y  b o t t o m  o f  a b o u t  1 0  t o  4 0  m  d e e p  a n d  t h e  s e a  b e c o m e s  
s u d d e n l y  d e e p e r  f a r t h e r  o u t s i d e  i t .  A c c o r d i n g  t o  P a n d a n  f i s h e r m e n  
w h o  a r e  e n g a g e d  i n  g i l l  n e t  f i s h e r y  a r o u n d  B a t b a t a n  I s l a n d ,  t h e y  h a d  
o f t e n  s e e n  m i l k f i s h  j u m p  n e a r  t h e  a b o v e - m e n t i o n e d  c o v e  d u r i n g  m o o n ­
l i t  n i g h t s  a s  w e l l  a s  d a r k  n i g h t s  i n  A p r i l  a n d  M a y .  T h e  s a m e  
i n f o r m a t i o n  w a s  a l s o  o b t a i n e d  f r o m  t h e  f i s h e r m e n  o f  t h e  i s l a n d .
A  t o t a l  o f  2 4  t o w s  w i t h  l a r v a l  n e t s  w e r e  m a d e  a t  v a r i o u s  
l a y e r s  r a n g i n g  f r o m  s u r f a c e  t o  2 0  m  d e e p  c l o s e  t o  t h e  i s l a n d ,  w i t h i n  
7 5 0  m  f r o m  t h e  c o a s t ,  a n d  a r o u n d  t h e  a b o v e - m e n t i o n e d  c o v e .  T h e  
d e p t h  o f  t h e  s e a  r a n g e d  f r o m  1 0  t o  7 0  m .
c )  H a m t i k
S i t u a t e d  i n  t h e  s o u t h e r n  p a r t  o f  A n t i q u e  c o a s t ,  H a m t i k  b e a c h  
f o r m s  o n e  o f  t h e  b e s t  b e a c h e s  f o r  m i l k f i s h  f r y  c o l l e c t i o n  i n  t h e  
P h i l i p p i n e s .
A  t o t a l  o f  1 0  t o w s  w i t h  l a r v a l  n e t s  m a d e  a t  v a r i o u s  l a y e r s  
f r o m  s u r f a c e  t o  2 0  m  d e e p  i n  e a r l y  A p r i l .  T h e  d e p t h  o f  t h e  w a t e r  
r a n g e d  f r o m  5  t o  1 0  m .
2 .  P a n a y  G u l f
P a n a y  G u l f  i s  s u r r o u n d e d  b y  P a n a y  I s l a n d  o n  t h e  n o r t h  a n d  b y  N e g r o s  
I s l a n d  o n  t h e  e a s t ,  w i t h  G u i m a r a s  I s l a n d  b e t w e e n  t h e m ,  a n d  o p e n s  t o  S u l u  
S e a  o n  t h e  s o u t h - w e s t .
A d u l t  m i l k f i s h  a r e  o f t e n  c a u g h t  i n  f i s h  c o r r a l s  a n d  w i t h  g i l l  n e t s  
a l o n g  t h e  s o u t h e r n  c o a s t  o f  P a n a y  I s l a n d  a n d  t h e  w e s t  a n d  s o u t h  c o a s t s  
o f  G u i m a r a s  I s l a n d .  I n  A p r i l  a n d  i n  t h e  f i r s t  h a l f  o f  M a y ,  1 9 7 6 ,  t h e  
A q u a c u l t u r e  D e p a r t m e n t ,  S E A F D E C ,  w a s  a b l e  t o  c o l l e c t  s o m e  2 0  l i v e  
a d u l t  m i l k f i s h  f r o m  t h e  l o c a l  f i s h e r m e n .
T h i s  r e g i o n  i s  a r b i t r a r i l y  d i v i d e d  i n t o  t w o  a r e a s  i n  t h e  p r e s e n t  



















































a )  T i g b a u a n
T i g b a u a n  i s  l o c a t e d  o n  t h e  s o u t h e r n  c o a s t  o f  P a n a y  I s l a n d  
w h i c h  m a k e s  a  g o o d  f r y  g r o u n d  f o r  m i l k f i s h .  A  t o t a l  o f  1 4  t o w s  
o f  l a r v a l  n e t  c o l l e c t i o n  a t  5  m  a n d  1 0  m  l a y e r s  w e r e  m a d e  o f f  
T i g b a u a n ,  t h e  d e p t h  o f  w a t e r  r a n g i n g  f r o m  1 0  m  t o  2 0  m ,  d u r i n g  
t h e  p e r i o d  f r o m  1 3  t o  2 3  A p r i l .
b )  G u i m a r a s  I s l a n d
A  t o t a l  o f  3 6  t o w s  w i t h  l a r v a l  n e t s  a t  v a r i o u s  l a y e r s  f r o m  
s u r f a c e  t o  3 0  m  d e e p  w e r e  m a d e  i n  l a t e  A p r i l .  T h e  d e p t h  o f  t h e  
w a t e r  w a s  f r o m  1 0  m  t o  1 2 6  m .
3 .  E s t a n c i a  w a t e r s
E s t a n c i a  i s  l o c a t e d  a t  t h e  n o r t h - e a s t e r n  c o r n e r  o f  P a n a y  I s l a n d ,  
f a c i n g  t h e  V i s a y a n  S e a .  A c c o r d i n g  t o  l o c a l  f i s h e r m e n ,  a d u l t  m i l k f i s h  a r e  
o f t e n  c a u g h t  w i t h  g i l l  n e t s  a n d  h o o k - a n d - l i n e  i n  t h e  s h a l l o w  w a t e r s  o f  t h e  
V i s a y a n  S e a ,  e s p e c i a l l y  i n  A s i d  B a y  a n d  t h e  w e s t  c o a s t  o f  M a s b a t e  I s l a n d ,  
a r o u n d  Z a p a t o s  I s l a n d ,  n e a r  G i g a n t e  I s l a n d s ,  a n d  S i c o g o n  C h a n n e l .  L o c a l  
p e o p l e  a l s o  c o n s i d e r  t h a t  t w o  b a y s  ( o f  C a l a g n a a n  I s l a n d )  A p a d  a n d  B a l i l i  
B a y s ,  a s  w e l l  a s  t h e  s e a  a r o u n d  B a y a s  I s l a n d ,  a  s m a l l  i s l a n d  l y i n g  s o u t h  
o f  C a l a g n a a n  I s l a n d ,  a r e  s p a w n i n g  g r o u n d s  o f  m i l k f i s h .
A  t o t a l  o f  1 2  t o w s  o f  l a r v a l  n e t  c o l l e c t i o n  a t  s u r f a c e  a n d  5  l a y e r s  
w e r e  m a d e  a r o u n d  C a l a g n a a n ,  G i g a n t e ,  S i c o g o n ,  a n d  B a y a s  I s l a n d s  o n  
1 3  M a y .  T h e  d e p t h  o f  t h e  w a t e r  r a n g e d  f r o m  9  t o  1 0  m .
O c c u r r e n c e  o f  M i l k f i s h  E g g s
F i g .  3  s u m m a r i z e s  t h e  r e s u l t s  o f  c o l l e c t i o n s  m a d e  i n  A p r i l  a n d  
M a y ,  1 9 7 6 .  E x p l a n a t i o n s  f r o m  s e v e r a l  a s p e c t s  a r e  g i v e n  b e l o w .
1 .  O c c u r r e n c e  o f  e g g s  b y  a r e a s
M i l k f i s h  e g g s  w e r e  c o l l e c t e d  o n l y  i n  A n t i q u e  w a t e r s .  N o t  a  s i n g l e  
e g g  w a s  o b t a i n e d  e i t h e r  i n  P a n a y  G u l f  o r  i n  E s t a n c i a  w a t e r s  d u r i n g  t h e  
p e r i o d  o f  t h e  p r e s e n t  s t u d y .
a )  P a n d a n  B a y
I n  t w o  o u t  o f  1 3  t o w s  m a d e ,  m i l k f i s h  e g g s  w e r e  o b t a i n e d ,  
a l t h o u g h  t h e  t o t a l  n u m b e r  o f  e g g s  c o l l e c t e d  w e r e  o n l y  t h r e e .  O n e  



















































T h e  o t h e r  t w o  w e r e  f r o m  5  m  l a y e r  a t  a  s t a t i o n  3 3  m  i n  d e p t h .  
A t  t h e  l a t t e r  s t a t i o n ,  a n  a d d i t i o n a l  m i l k f i s h  e g g  w a s  o b t a i n e d  b y  a  
v e r t i c a l  h a u l  f r o m  t h e  b o t t o m  t o  t h e  s u r f a c e  w i t h  a  p l a n k t o n  n e t ,
4 5  c m  i n  d i a m e t e r .  W a t e r  t e m p e r a t u r e  a n d  s a l i n i t y  a t  t h e  s t a t i o n  
w e r e  3 1 . 0 ° C  a n d  3 3 . 9 4 ‰  a t  s u r f a c e ,  a n d  3 0 .  8 ° C  a n d  3 3 .  8 3 ‰  
a t  5  m  l a y e r ,  r e s p e c t i v e l y .
b )  B a t b a t a n  I s l a n d
A  t o t a l  o f  8 4  m i l k f i s h  e g g s  w e r e  o b t a i n e d  b y  1 5  o u t  o f  2 4  t o w s  
m a d e  i n  t h i s  a r e a .  T h e  l a r g e s t  n u m b e r  o f  m i l k f i s h  e g g s  o b t a i n e d  
f r o m  a  s i n g l e  t o w ,  2 9  e g g s  o c c u r r e d  a t  s u r f a c e  l a y e r  o f  a  s t a t i o n  
a b o u t  7 5 0  m  n o r t h - e a s t  f r o m  t h e  e a s t e r n  e n d  o f  B a t b a t a n  I s l a n d .  
T h e  d e p t h  o f  t h e  w a t e r  a t  t h i s  s t a t i o n  w a s  a b o u t  7 0  m ,  a n d  w a t e r  
t e m p e r a t u r e  a n d  s a l i n i t y  w e r e  3 0 .  0 ° C  a n d  3 3 .  9 7 ‰  a t  s u r f a c e ,  a n d  
2 9 . 9 ° C  a n d  3 3 . 9 5 ‰  a t  5  m  l a y e r ,  r e s p e c t i v e l y .  T h e  d e p t h  o f  t h e  
w a t e r  a t  t h e  o t h e r  s t a t i o n s  w h e r e  m i l k f i s h  e g g s  w e r e  c o l l e c t e d  r a n g e d  
f r o m  1 0  m  t o  4 0  m .
c )  H a m t i k
O n l y  a  s i n g l e  m i l k f i s h  e g g  w a s  c o l l e c t e d  w i t h  l a r v a l  n e t s  i n  
t h i s  a r e a .  I t  w a s  f r o m  s u r f a c e  l a y e r  o f  a  s t a t i o n  w i t h  a  d e p t h  o f  
2 0  m .  S u r f a c e  w a t e r  t e m p e r a t u r e  w a s  2 8 .  1 ° C ,  a n d  s a l i n i t y  3 3 . 9 6 ‰ .
A n  e x p e r i m e n t a l  c o l l e c t i o n  o f  m i l k f i s h  f r y  h a s  b e e n  c o n d u c t e d  
d a i l y  b e t w e e n  0 9 0 0  h  a n d  1 0 0 0  h  b y  t h e  S E A F D E C  s t a f f  o f  t h e  H a m t i k  
S u b s t a t i o n  a l o n g  t h e  b e a c h  i n  f r o n t  o f  t h e  s u b s t a t i o n .  A t  t h e  e n d  o f  
e a c h  h a u l  o f  s a g a p  ( n e t ) ,  f r y  a r e  g a t h e r e d  i n  a  s m a l l  a m o u n t  o f  w a t e r ,  
a n d  a  c o l l e c t o r  s c o o p s  t h e  f r y  ( w i t h  a  b a s i n )  t o g e t h e r  w i t h  w a t e r .  O n  
t h e  l a n d ,  u s i n g  a  s m a l l  p l a t e ,  t h e  c o l l e c t o r  s c o o p s  u p  t h e  f r y  o n e  b y  
o n e .  D u r i n g  t h e  p e r i o d  f r o m  2 9  M a r c h  t o  6  M a y  1 9 7 6 ,  t h e  w a t e r  i n  
t h e  b a s i n ,  a f t e r  s c o o p i n g  t h e  m i l k f i s h  f r y ,  w a s  f i l t e r e d  b y  a  p l a n k t o n  
n e t  a n d  a n y t h i n g  i n  t h e  w a t e r  w a s  p u t  i n t o  a  s p e c i m e n  b o t t l e  a n d  p r e ­
s e r v e d  w i t h  5 %  f o r m a l i n .  S u c h  s a m p l e s  w e r e  s e n t  t o  t h e  a u t h o r s  
w h o  e x a m i n e d  t h e m ,  l o o k i n g  f o r  m i l k f i s h  e g g s .  F r o m  t h e  s a m p l e  
o f  2 3  A p r i l ,  a  m i l k f i s h  e g g  w a s  f o u n d .
d )  P a n a y  G u l f  a n d  E s t a n c i a  w a t e r s
N o  m i l k f i s h  e g g  w a s  o b t a i n e d  e i t h e r  f r o m  P a n a y  G u l f  o r  f r o m  
E s t a n c i a  w a t e r s .  W a t e r  t e m p e r a t u r e  a n d  s a l i n i t y  i n  b o t h  r e g i o n s  
d u r i n g  t h e  s u r v e y  p e r i o d  w e r e :
I n  P a n a y  G u l f ,  2 7 . 8 - 3 3 . 4 ° C  a n d  3 2 . 7 0 - 3 4 . 4 4 ‰  s a l i n i t y  a t  
s u r f a c e  l a y e r ,  a n d  2 7 .  8 - 3 3 . 0 ° C  a n d  3 3 .  9 5 - 3 4 . 5 5 ‰  a t  1 0  m  



















































I n  E s t a n c i a  w a t e r s ,  2 9 . 5 - 3 0 . 2 ° C  a n d  3 3 . 3 6 - 3 4 . 1 7 ‰  s a l i n i t y  
a t  s u r f a c e  l a y e r ,  a n d  2 9 . 1 - 3 0 . 1 ° C  a n d  3 4 . 0 7 - 3 4 . 2 3 ‰  a t  5  m  l a y e r ,  
r e s p e c t i v e l y .
2 .  V e r t i c a l  d i s t r i b u t i o n
A s  t h e  m i l k f i s h  e g g s  w e r e  m o s t  f r e q u e n t l y  a n d  a b u n d a n t l y  o b t a i n e d  
i n  B a t b a t a n  w a t e r s ,  c o l l e c t i o n  r e c o r d  w a s  s t u d i e d  f r o m  t h e  a s p e c t  o f  
v e r t i c a l  d i s t r i b u t i o n  o f  m i l k f i s h  e g g s .
A s  s e e n  i n  F i g .  3 ,  m i l k f i s h  e g g s  w e r e  o b t a i n e d  f r o m  a n y  l a y e r s  
f r o m  s u r f a c e  d o w n  t o  2 0  m  l a y e r ,  t h e  d e e p e s t  l a y e r  a t  w h i c h  t h e  l a r v a l  
n e t  w a s  t o w e d .  T h e r e  w a s  n o t  m u c h  d i f f e r e n c e  i n  n u m b e r  o f  m i l k f i s h  
e g g s  p e r  t o w  b y  l a y e r  o n  4  A p r i l ,  s u g g e s t i n g  t h a t  t h e  e g g s  w e r e  a l m o s t  
e v e n l y  d i s t r i b u t e d  v e r t i c a l l y ,  a t  l e a s t  f r o m  t h e  s u r f a c e  t o  2 0  m  d e e p .  I n  
t h e  t r i p  m a d e  i n  e a r l y  M a y ,  m o r e  e g g s  w e r e  c o l l e c t e d  f r o m  t h e  u p p e r  
l a y e r s .  O n  5  M a y ,  a s  m a n y  a s  2 9  e g g s  w e r e  o b t a i n e d  b y  a  s i n g l e  t o w  
a t  s u r f a c e  l a y e r  o f  o n e  s t a t i o n ,  w h i l e  o n l y  t h r e e  e g g s  w e r e  c o l l e c t e d  
f r o m  t h e  5  m  l a y e r  o f  t h e  s t a t i o n .  N o  l a r v a l  n e t  t o w  w a s  m a d e  a t  o t h e r  
l a y e r s  i n  t h i s  s t a t i o n .
I n  o u r  e x p e r i m e n t s  o n  h a t c h i n g  a n d  r e a r i n g  o f  m i l k f i s h  e g g s ,  i t  w a s  
o b s e r v e d  t h a t  l i v e  m i l k f i s h  e g g s  u s u a l l y  f l o a t e d  t o  t h e  s u r f a c e  o f  t h e  w a t e r  
i n  a  g l a s s  j a r .
3 .  D a i l y  f l u c t u a t i o n  i n  c a t c h
W i t h i n  a  s m a l l  a r e a  c l o s e  t o  B a t b a t a n  I s l a n d ,  w e  c o n d u c t e d  l a r v a l  n e t  
s a m p l i n g  o n  f o u r  s e p a r a t e  d a y s :  o n e  d a y  i n  e a r l y  A p r i l  a n d  t h r e e  c o n s e c u ­
t i v e  d a y s  i n  e a r l y  M a y .  T h e  d a t e  i n d i c a t e d  i n  t h e  l u n a r  c a l e n d a r  i n  
p a r e n t h e s i s ,  t h e  n u m b e r  o f  t o w s  m a d e  a t  e v e r y  l a y e r ,  a n d  t h e  t o t a l  n u m b e r  
o f  m i l k f i s h  e g g s  c o l l e c t e d  a r e  a s  f o l l o w s :
4  A p r i l  1 9 7 6 5  M a r c h 6  t o w s 3 3 e g g s
4  M a y  1 9 7 6 6  A p r i l 6  t o w s n o e g g
5 M a y  1 9 7 6 7  A p r i l 8  t o w s 4 2 e g g s
6  M a y  1 9 7 6 8  A p r i l 4  t o w s 9 e g g s
4 .  D e v e l o p m e n t a l  s t a g e s  b y  t i m e  o f  c o l l e c t i o n
S o  f a r  a  t o t a l  o f  9 0  m i l k f i s h  e g g s  w e r e  c o l l e c t e d  b y  l a r v a l  n e t  
s a m p l i n g ,  p l a n k t o n  n e t  s a m p l i n g  a n d  f r o m  t h e  s p e c i m e n s  o f  f r y  c o l l e c t i o n .  
A m o n g  t h e m ,  6  e g g s  w e r e  k e p t  a l i v e  f o r  r e a r i n g  e x p e r i m e n t s  a n d  8 4  e g g s  
w e r e  p r e s e r v e d  i n  f o r m a l i n  i n  s i t u .  B e l o w  i s  a  g r o u p i n g  o f  t h e s e  8 4  e g g s  



















































T i m e  o f  c o l l e c t i o n D e v e l o p m e n t a l  s t a g e *
A a - A c B b C a
0 8 0 0 - 1 0 0 0  h 2 1
1 0 0 0 - 1 2 0 0 1 3 8
1 2 0 0 - 1 4 0 0
1 4 0 0 - 1 6 0 0 23
1 6 0 0 - 1 8 0 0 19
* A a - A c :  e a r l y  s t a g e s  o f  d e v e lo p m e n t  u p  t o  y o l k  i n v a s i o n  h a l f  
c o m p l e t e d .  A s  y o l k  is  e a s i l y  d a m a g e d  b y  s h o c k  o f  
c o l l e c t i o n  a n d  p r e s e r v i n g ,  i t  i s  u s u a l l y  d i f f i c u l t  t o  
d e t e r m i n e  m o r e  i n  d e t a i l  t h e  d e v e l o p m e n t a l  s t a g e  
w i t h  p r e s e r v e d  s p e c im e n s .
B b :  e m b r y o n i c  s t r e a k  r e a c h e s  i t s  m a x i m u m  l e n g t h  o n  t h e  
y o l k ,  b u t  i t s  p o s t e r i o r  e n d  i s  f i a t .  ( I n  B c , t h e  p o s t e r i o r  
e n d  o f  t h e  e m b r y o  i s  v e r t i c a l  t o  t h e  s u r f a c e  o f  y o l k ) .
C c :  T h e  t i p  o f  t h e  t a i l  o f  t h e  e m b r y o  i s  f r e e  f r o m  t h e  y o l k ,  
b u t  n o t  q u i t e  e lo n g a t e d .
A m o n g  s i x  e g g s  b r o u g h t  b a c k  t o  t h e  l a b o r a t o r y ,  t w o  e g g s  h a t c h e d  a t  
1 9 0 0  h  a n d  t w o  a t  1 9 1 5  h  o n  t h e  d a y  o f  c o l l e c t i o n ,  a n d  o n e  a t  0 6 0 0  h  o n  
t h e  f o l l o w i n g  d a y .  T h e  r e m a i n i n g  e g g  d ie d  b e f o r e  h a t c h i n g .
5 .  A b u n d a n c e  o f  m i l k f i s h  e g g s  r e l a t i v e  t o  e g g s  o f  o t h e r  f i s h e s .
A s  s h o w n  i n  F i g .  3 ,  a  t o t a l  o f  3 5 m i l k f i s h  e g g s  w e r e  c o l l e c t e d  i n  
t h e  A n t i q u e  w a t e r s  i n  e a r l y  A p r i l  1 9 7 6 .  T h e  n u m b e r  o f  e g g s  o f  o t h e r  
f i s h e s  o b t a in e d  d u r i n g  t h e  s a m e  t r i p  a m o u n t e d  t o  1 0 , 5 3 1 .  T h e  p e r c e n t a g e  
o f  m i l k f i s h  e g g s  w a s  a b o u t  0 . 3 3 %  o f  t o t a l  n u m b e r  o f  e g g s  c o l l e c t e d .  
T o t a l  n u m b e r  o f  f i s h  l a r v a e  c o l l e c t e d  d u r i n g  t h e  t r i p  a m o u n t e d  t o  1 , 7 2 5 .  
W e  d id  n o t  g e t  a n y  m i l k f i s h  l a r v a ,  e x c e p t  f o r  o n e  d o u b t f u l  s p e c im e n .
D i s c u s s i o n
F r o m  t h e  r e s u l t s  g i v e n  a b o v e ,  w e  k n o w  t h a t  m i l k f i s h  e g g s  a r e  
d i s t r i b u t e d  i n  A n t i q u e  w a t e r s .  T h e  e g g s  w e r e  e s p e c i a l l y  a b u n d a n t  i n  
B a t b a t a n  w a t e r s ,  s u g g e s t i n g  t h a t  a  s p a w n in g  g r o u n d  o f  m i l k f i s h  i s  n e a r  
t h e  i s l a n d .  H o w e v e r ,  t h i s  d o e s  n o t  m e a n  t h a t  t h e  m a j o r i t y  o f  f r y  
c o l l e c t e d  a lo n g  A n t i q u e  c o a s t  o r i g i n a t e  f r o m  B a t b a t a n  w a t e r s .  B a t b a t a n  
w a t e r s  m u s t  b e  j u s t  o n e  o f  t h e  b e s t ,  o r  g o o d ,  s p a w n in g  g r o u n d s  o f  t h e  
f i s h .  F u r t h e r  i n v e s t i g a t i o n  i n  o t h e r  w a t e r s ,  e s p e c i a l l y  i n  t h e  w a t e r s  o f  



















































A l t h o u g h  n o  m i l k f i s h  e g g  w a s  o b t a i n e d  i n  G u i m a r a s  w a t e r s  a n d  
E s t a n c i a  w a t e r s ,  i t  i s  t o o  e a r l y  t o  c o n c l u d e  t h a t  t h e r e  a r e  n o  s p a w n i n g  
g r o u n d s  i n  t h e s e  a r e a s .  A s  e a r l i e r  s t a t e d ,  w e  d i d  n o t  g e t  a n y  m i l k f i s h  
e g g  i n  B a t b a t a n  w a t e r s  o n  4  M a y .  T h i s  s u g g e s t s  t o  u s  t h e  e x i s t e n c e  o f  
d a i l y  f l u c t u a t i o n  i n  t h e  s p a w n i n g  a c t i v i t y  o f  t h e  m i l k f i s h .  A l s o  a t  p r e s e n t ,  
w e  d o  n o t  k n o w  i f  t h e  s p a w n i n g  a c t i v i t y  o f  m i l k f i s h  i s  r e l a t e d  t o  t h e  l u n a r  
p e r i o d i c i t y  ( t i d a l  p h a s e )  o r  n o t .  I t  w a s  o n  t h e  f i f t h  t o  t h e  e i g h t h  d a y s  o f  
t h e  m o n t h  i n  t h e  l u n a r  c a l e n d a r  w h e n  t h e  m i l k f i s h  e g g s  w e r e  c o l l e c t e d  i n  
B a t b a t a n  w a t e r s ,  w h e r e a s  l a r v a l  n e t  s a m p l i n g s  i n  E s t a n c i a  w a t e r s  w e r e  
m a d e  o n  1 5  A p r i l  i n  t h e  l u n a r  ca l e n d a r ,  t h a t  i s ,  o n  a  f u l l  m o o n  d a y .  I t  
m a y  b e  p o s s i b l e  t h a t  t h e  d i f f e r e n c e  i n  l u n a r  p e r i o d i c i t i e s  m i g h t  h a v e  
a f f e c t e d  t h e  r e s u l t s .
T h e  l i v e  m i l k f i s h  e g g s  f l o a t e d  t o  t h e  w a t e r  s u r f a c e  i n  a  g l a s s  j a r .  
A l s o ,  m o r e  m i l k f i s h  e g g s  w e r e  c o l l e c t e d  a t  s u r f a c e  l a y e r  t h a n  a t  5  m  
l a y e r  i n  B a t b a t a n  w a t e r s  o n  5  M a y .  O n  t h e  o t h e r  h a n d ,  a  f a i r l y  g o o d  
n u m b e r  o f  e g g s  w e r e  o b t a i n e d  f r o m  d e e p e r  l a y e r s ,  a t  l e a s t  u p  t o  2 0  m  
l a y e r .  T h i s  m a y  b e  a t t r i b u t e d  t o  t h e  v e r t i c a l  m o v e m e n t  o f  w a t e r  i n  t h e  
s e a .  A s  o u r  d a t a  r e g a r d i n g  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  m i l k f i s h  e g g s  a r e  
s t i l l  v e r y  l i m i t e d ,  m o r e  e x t e n s i v e  a n d  s y s t e m a t i c  s t u d i e s  a r e  n e e d e d .
A i l  t h e  m i l k f i s h  e g g s  c o l l e c t e d  a t  t h e  s a m e  t i m e  i n  a  d a y  w e r e  
a l m o s t  i n  t h e  s a m e  d e v e l o p m e n t a l  s t a g e .  T h i s  m a y  s u g g e s t  t h a t  s p a w n i n g  
o f  t h e  m i l k f i s h  t a k e s  p l a c e  a t  a  c e r t a i n  t i m e  o f  a  d a y ,  p r o b a b l y  i n  t h e  
e v e n i n g  a s  D e l s m a n  a n d  H a r d e n b e r g  ( 1 9 3 1 )  s t a t e d .  A l l  t h e  e g g s  c o l l e c t e d  
b y  D e l s m a n  ( 1 9 2 9 )  h a t c h e d  l a t e  i n  t h e  e v e n i n g ,  s o m e  a t  2 1 0 0  h  a n d  s o m e  
s l i g h t l y  l a t e r  t h a n  2 2 0 0  h ,  a l t h o u g h  o n e  e g g  w h i c h  h e  c o l l e c t e d  e a r l i e r  
h a t c h e d  e a r l y  i n  t h e  m o r n i n g  ( D e l s m a n ,  1 9 2 6 ) .  M o s t  o f  t h e  e g g s  w e  
c o l l e c t e d  a l s o  h a t c h e d  i n  t h e  e v e n i n g  a t  a b o u t  1 9 0 0  h ;  o n e  e g g  h a t c h e d  
e a r l y  t h e  f o l l o w i n g  m o r n i n g .  T o  d e t e r m i n e  t h e  e x a c t  i n c u b a t i o n  p e r i o d  
i n  t h e  w i l d ,  w e  n e e d  a  2 4 - h o u r  s a m p l i n g .
T h e r e  i s  o n e  s e r i o u s  p r o b l e m  f o r  u s ,  h o w e v e r .  A l t h o u g h  i n  t h e  
e a r l i e r  p o r t i o n s  o f  t h i s  r e p o r t ,  t h e  w o r d s  " m i l k f i s h  e g g s "  w e r e  r e p e a t e d l y  
u s e d ,  t h e  a u t h o r s  a r e  n o t  a c t u a l l y  h u n d r e d  p e r c e n t  s u r e  w h e t h e r  t h e y  a r e  
t r u l y  m i l k f i s h  e g g s .  T h e r e  i s  n o  d o u b t  t h a t  t h e  a u t h o r s  a r e  d e a l i n g  w i t h  
t h e  s a m e  e g g s  a s  D e l s m a n  ( 1 9 2 9 )  c o n s i d e r e d  m i l k f i s h  e g g s  b e c a u s e  e v e r y  
c h a r a c t e r i s t i c  o f  e g g s  a n d  h a t c h e d  l a r v a e  a g r e e d  w i t h  w h a t  h e  d e s c r i b e d .  
W e  w i l l  k n o w  t h e  t r u t h  o n l y  w h e n  w e  s u c c e e d  i n  r e a r i n g  h a t c h e d  l a r v a e  
u p  t o  s i z e  o f  a b o u t  s e v e n  m i l l i m e t e r s , t h e  i d e n t i f i a b l e  s t a g e  o r  w h e n  w e  



















































I d e n t i f i c a t i o n  o f  M i l k f i s h  E g g s  P r e s e r v e d  i n  F o r m a l i n
1 .  C h a r a c t e r i s t i c s  o f  t h e  m i l k f i s h  e g g
D e l s m a n  ( 1 9 2 9 )  d e s c r i b e d  t h e  m i l k f i s h  e g g  a s  f o l l o w s :  " T h e  e g g  i s  
1 . 2  m m  i n  d i a m e t e r ,  h a v i n g  n o  o i l - g l o b u l e .  N o  s p e c i a l  s t r u c t u r e  i n  e g g  
m e m b r a n e .  T h e  y o l k  o f  t h e  e g g  i s  s e g m e n t e d ,  b u t  t h e  s e g m e n t a t i o n  i s  
c o n s i d e r a b l y  f i n e  s o  t h a t  a c c o r d i n g  t o  h i m ,  h e  m i g h t  h a v e  o v e r l o o k e d  i t  
w i t h  s o m e  o f  t h e  e g g s .  T h e  y o l k  h a s  a  y e l l o w  t i n g e . "
C h a c k o  ( 1 9 5 0 )  g a v e  a  s i m i l a r  d e s c r i p t i o n ,  e x c e p t  t h a t  t h e  d i a m e t e r  
o f  t h e  e g g  r a n g e d  f r o m  1 . 0  t o  1 . 2  m m .
2 .  D i f f e r e n t i a t i o n  o f  m i l k f i s h  e g g  f r o m  s i m i l a r  e g g s .
D e l s m a n  ( 1 9 2 1 - 1 9 3 9 )  d e s c r i b e d  a b o u t  6 0  s p e c i e s  o f  p e l a g i c  f i s h  e g g s ,  
w h i l e  M i t o  ( 1 9 6 0 )  g a v e  t h e  k e y s  t o  2 4 6  s p e c i e s  o f  p e l a g i c  e g g s .
A c c o r d i n g  t o  t h e  a b o v e - m e n t i o n e d  a u t h o r s ,  a  m a j o r i t y  o f  f i s h  s p e c i e s  
h a v e  e g g s  w i t h  s i n g l e  o r  m u l t i p l e  o i l  g l o b u l e s .  F o r t u n a t e l y  f o r  u s ,  o n l y  
a  l i m i t e d  n u m b e r  o f  f i s h e s  h a v e  b e e n  r e p o r t e d ,  s o  f a r ,  t o  p r o d u c e  e g g s  
w i t h o u t  o i l  g l o b u l e s  -  s i m i l a r  t o  t h e  m i l k f i s h  e g g .
A m o n g  t h e  p e l a g i c  e g g s  w i t h o u t  a n y  o i l  g l o b u l e s ,  w e  m u s t  b e  c a r e f u l  
w i t h  t h e  f o l l o w i n g  f i v e  k i n d s  o f  e g g s ,  a s  t h e  d i a m e t e r  i s  m o r e  o r  l e s s  t h e  
s a m e  a s  t h a t  o f  t h e  m i l k f i s h  e g g  a n d  m a n y  o f  t h e m  f r e q u e n t l y  o c c u r  i n  t h e  
s a m e  w a t e r s .
E t r u m e u s  m i c r o p s : Y o l k  s e g m e n t e d ,  d i a m e t e r  o f  e g g  i s  1 . 2 3 -  
1 . 3 2  m m ,  a n d  m y o t o m e s  i n  n e w l y  h a t c h e d  
l a r v a  m o r e  t h a n  5 0 .
S a u r i d a  e l o n g a t a : Y o l k  n o t  s e g m e n t e d ,  d i a m e t e r  o f  e g g  i s  
1 . 2 0 - 1 . 3 3  m m ,  a n d  m y o t o m e s  i n  n e w l y  
h a t c h e d  l a r v a  5 7 - 6 0 .
S c o r p a e n i d a e  t y p e : Y o l k  n o t  s e g m e n t e d ,  d i a m e t e r  o f  e g g  i s  
1 . 0 - 1 . 1  m m ,  a n d  m y o t o m e s  o f  e m b r y o  l e s s  
t h a n  3 0 .
S a u r i d a  t y p e : Y o l k  n o t  s e g m e n t e d ,  d i a m e t e r  o f  e g g  i s  1 . 0 -  
1 . 1  m m ,  a n d  m y o t o m e s  o f  e m b r y o  m o r e  t h a n  
3 0 .
U n k n o w n  f i s h  'A ' : Y o l k  n o t  s e g m e n t e d ,  d i a m e t e r  o f  e g g  i s  1 . 2  m m ,  



















































A l t h o u g h  i t  i s  u s u a l l y  d i f f i c u l t  t o  k n o w  w h e t h e r  t h e  y o l k  i s  s e g m e n t e d  
o r  n o t  w i t h  p r e s e r v e d  s p e c i m e n s ,  y o l k  i n  e g g s  o f  S a u r i d a  e l o n g a t a , S c o r ­
p a e n i d a e  t y p e ,  a n d  S a u r i d a  t y p e  i n  f o r m a l i n  l o o k  m o r e  t r a n s p a r e n t  a n d  
c o l o r l e s s  c o m p a r e d  t o  t h e  y o l k  o f  m i l k f i s h  e g g .  A t  f i r s t  s i g h t ,  e g g  o f  
unknow n f i s h  'A ' i s  a l m o s t  s i m i l a r  t o  m i l k f i s h  e g g  i n  s i z e ,  s h a p e  o f  e m b r y o ,  
a n d  c o l o r .  H o w e v e r ,  s m a l l  m e l a n o p h o r e s  a r e  m o r e  d e n s e l y  d i s t r i b u t e d  
o n  e m b r y o  a n d  m y o t o m e s  c a n n o t  b e  r e c o g n i z e d  c l e a r l y  w i t h  p r e s e r v e d  
s p e c i m e n s ,  w h i l e  i n  m i l k f i s h  e g g  m y o t o m e s  a r e  m a r k e d  w h e n  v i e w e d  f r o m  
t h e  s i d e .  F u r t h e r m o r e ,  w e  c a n  a s c e r t a i n  t h e  s e g m e n t a t i o n  o f  t h e  y o l k  b y  
t e a r i n g  t h e  e g g  m e m b r a n e  a n d  p u n c t u r i n g  t h e  y o l k  w i t h  p i n s .
D i f f e r e n t i a t i o n  o f  m i l k f i s h  e g g s  f r o m  t h o s e  o f  E t r u m e u s  m i c r o p s  
( F a m i l y  D u s s u m i e r i d a e )  s e e m s  t o  b e  r a t h e r  d i f f i c u l t ,  e s p e c i a l l y  i n  t h e  
e a r l y  s t a g e  o f  d e v e l o p m e n t ,  a l t h o u g h  t h e  y o l k  o f  t h e  m i l k f i s h  e g g  i s  
m o r e  f i n e l y  s e g m e n t e d ,  a b o u t  0 .  0 4  t o  0 .  0 5  m m ,  t h a n  t h a t  o f  E t r u m e u s  
m i c r o p s , w h i c h  i s  a b o u t  0 .  0 6  m m .  I n  l a t e r  s t a g e s  o f  d e v e l o p m e n t ,  w e  
c a n  e s t i m a t e  t h e  n u m b e r  o f  t r u n k  m y o t o m e s  o f  t h e  e m b r y o  a n d  t h e  
m e l a n o p h o r e s  i n  t h e  e m b r y o  i s  m u c h  t h i n n e r  i n  t h e  m i l k f i s h  e g g  t h a n  i n  
E t r u m e u s  m i c r o p s .
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W orking  P a p e r  N o. 15
REV IEW  O F  WORK PRO G RA M M ES CA RRIED  OUT IN INDIA 
ON TH E BIOLOGY O F THE M ILK FISH  CHANOS CHANOS
by
P . R . S. T a m p i and P . B en sam *
A b s t r a c t
T h is  a c c o u n t i s  a  b r i e f  re v ie w  of th e  in v e s t ig a t io n  c a r r i e d  ou t in  
In d ia  on the v a r io u s  a s p e c t s  of the b io lo g y  of th e  m ilk f is h .  It c o v e r s  
th e  r e c o r d s  of o b s e rv a t io n s  on the d is t r ib u t io n  of C hanos f ry  in  the  
c o a s ta l  a r e a s ,  food an d  feed in g  of the  f ish , i t s  g ro w th , m a tu r i ty ,  
fecu n d ity  and  spaw ning , and  a ls o  c e r t a in  e x p e r im e n ta l  r e s u l t s  on the 
p h y s io lo g ic a l a d a p ta tio n  of th e  f is h  to g e th e r  w ith  th e  h is to lo g ic a l  
s t r u c tu r e s  of i t s  k id n ey , p i tu i ta r y  and  th y ro id . W hile e m p h a s is in g  
th e  p a u c ity  of d a ta  on th e  a d u lt m ilk f is h  in  the w ild , the p r io r i ty  a r e a s  
w h e re  in fo rm a tio n  is  la c k in g  e s p e c ia l ly  on the spaw ning  g ro u n d , r e l ia b le  
id e n tify in g  c h a r a c te r s  of th e  egg  a s  w e ll a s  on th e  p o s s ib le  e x is te n c e  
o f d if f e re n t  r a c ia l  s to c k s  h av e  b e e n  d is c u s s e d .
In tro d u c tio n
The m ilk f is h  o c c u r s  in  the  s e a s  a ro u n d  Ind ia  an d  in  l im ite d  
n u m b e rs  th e  f is h  a r e  cau g h t n e a r  the  c o a s t  of O r is s a ,  A n d h ra  P r a d e s h  
a n d  T a m il N adu on th e  e a s t  and  K e ra la  and  K a rn a ta k a  on th e  w e s t  c o a s t .  
T he f ish  i s  a lso  b e in g  c a p tu re d  n e a r  th e  is la n d s  of the  A n d a m a n -N ic o b a r  
g ro u p  in  the  B ay of B en g a l and  a ro u n d  th e  L a c c a d iv e s  in  th e  A ra b ia n  S ea . 
T he f is h  in  a l l  c a s e s  a r e  in v a r ia b ly  o b ta in ed  in  the n e ts  o p e ra te d  by 
lo c a l  f is h e rm e n  w ith in  ab o u t 8 k m . f ro m  the c o a s t .  One fa c t  r e m a in s  
th a t in  p la c e  in  th is  c o u n try  d o e s  th e  m ilk f is h  c o n s ti tu te  a  s ig n if ic a n t 
c o m m e rc ia l  f is h e r y ;  i t s  p o s itio n  in  th i s  c o u n try 's  f ish  c a tc h  s t a t i s t i c s  
b e in g  a lm o s t  n il .  In c e r t a in  b a c k w a te r s ,  e s tu a r i e s  an d  la g o o n s  th e re  
i s  a  s e a s o n a l  f i s h e ry  of som e m a g n itu d e  and th is  is  r e s t r i c t e d  to  the  
ju v e n ile s  w hose  s iz e  r a r e ly  e x c e e d s  500 m m . T h u s, the s ta tu s  of th is  
f is h  in  th e  p r e s e n t  c o m m e r c ia l  f is h  p ro d u c tio n  of Ind ia  i s  c o m p a ra tiv e ly  
low  and  in s ig n if ic a n t.
W hile i t s  n a tu r a l  f i s h e ry  is  p o o r , it  is  n o te w o rth y  th a t th e r e  i s  a  
f a i r ly  ab u n d an t o c c u r r e n c e  o f th e  f ry  and  f in g e r l in g s  o f the f ish  in  m any  
t id a l  c r e e k s ,  e s tu a r i e s  and b a c k w a te r s  a lo n g  th e  c o a s t  of p e n in s u la r  India
* P . R . S . T a m p i is  a F is h e r y  S c ie n tis t  a t the Indian  C ouncil o f A g r ic u l tu ra l  
R e s e a rc h ,  K r is h i Bh av an , New D e lh i-110001  (India); P . B e n s a m  is  
an  A s s is ta n t  F is h e r y  Sc ie n t i s t  a t the C en tra l M a r in e F i s h e r i e s  



















































a n d  a l s o  in  t i d a l  i n l e t s  o f t h e  b a y  i s l a n d s .  A n  a s s e s s m e n t  o f  t h i s  
v a lu a b l e  r e s o u r c e  o r  i t s  p r o p e r  u t i l i z a t i o n  is  y e t  to  b e  c a r r i e d  o u t .  
T h i s  i s  l a r g e l y  b e c a u s e  s a l t  w a t e r  f i s h  f a r m i n g  in  a n  o r g a n i z e d  a n d  
s c i e n t i f i c  m a n n e r  h a s  b e e n  i n i t i a t e d  in  t h i s  c o u n t r y  o n ly  in  r e c e n t  t i m e s  
a n d  th e  e f f o r t s  in  t h i s  d i r e c t i o n  s o  f a r  h a v e  b e e n  o n ly  o n  e x p e r i m e n t a l  
b a s i s .  F o r  t h i s  r e a s o n ,  b i o l o g i c a l  s t u d i e s  o n  th e  m i l k f i s h ,  C h a n o s  
c h a n o s  a l s o  h a v e  b e e n  l i m i t e d .  T h is  p a p e r  p r e s e n t s  a  b r i e f  r e v i e w  o f 
t h e  v a r i o u s  i t e m s  o f  r e s e a r c h  c a r r i e d  o u t  o n  t h e  b io lo g y  o f  t h e  f i s h  
( c u l t u r e  e x c lu d e d ) ,  t o g e t h e r  w i th  i d e n t i f i c a t i o n  o f  t h e  m a j o r  g a p s  in  
o u r  e x i s t i n g  k n o w le d g e .
D i s t r i b u t i o n  a n d  A b u n d a n c e  o f F r y
In  v ie w  of i t s  u t i l i t y  in  b r a c k i s h w a t e r  c u l t u r e  o p e r a t i o n s ,  i n v e s t i g a ­
t i o n s  o n  th e  a v a i l a b i l i t y  a n d  a b u n d a n c e  of th e  f r y  a n d  f i n g e r l i n g s  w e r e  
i n i t i a t e d  s in c e  th e  e a r l y  t h i r t i e s  ( R a j ,  1 9 3 1 ; C h a c k o , 1 9 4 2 ; J o b  a n d  
C h a c k o , 1 9 4 7 ; G a n a p a t i  e t  a l ,  1 950 ; P a n i k k a r  e t  a l ,  1 9 5 2 ; C h a c k o  a n d  
M a h a d e v a n ,  1 9 5 6 ; R a o ,  1 9 7 2 ) . In  th e  z o n e  e x te n d in g  f r o m  O r i s s a  S ta te  
in  t h e  e a s t  to  K a r n a t a k a  in  th e  w e s t ,  t h e  S ta te  o f T a m i l  N a d u  i s  fo u n d  
t o  f u r n i s h  th e  m a x i m u m  y ie ld  o f m i l k f i s h  f r y  a n d  f i n g e r l i n g s ,  w i th  th e  
R a m a n a t h a p u r a m - T i r u n e l v e l i  d i s t r i c t s  c o n s t i t u t i n g  th e  m o s t  i m p o r t a n t  
r e g i o n .  I t  w a s  f u r t h e r  p o in te d  o u t ( T a m p i ,  1 9 73 ) t h a t  i n te n s iv e  c o l l e c t i o n  
o f  d a t a  o n  th e  o c c u r r e n c e  a n d  a b u n d a n c e  o f  C h a n o s  f r y  h a s  n o t  b e e n  m a d e  
s o  f a r .  N e i t h e r  a n y  p a r t i c u l a r  e f f o r t  h a s  b e e n  t a k e n  n o r  a n y  a d e q u a te  
s u r v e y  m e th o d s  h a v e  b e e n  f o l lo w e d  t i l l  n o w . I t  w a s  e s t i m a t e d  t h a t  w i th  
g r e a t e r  e f f o r t s  a n d  b y  e x te n d in g  th e  p e r i o d  o f  c o l l e c t i o n  t h r o u g h o u t  th e  
f r y  s e a s o n  a l l  a lo n g  th e  T a m i l  N a d u  c o a s t  a lo n e ,  a t  l e a s t  t e n  m i l l i o n  
f r y  c o u ld  b e  c o l l e c t e d  e v e r y  y e a r .  A n d , a  r o u g h  e s t i m a t e  f o r  t h e  w h o le  
o f  t h e  p e n i n s u l a r  I n d ia  w o u ld  t a k e  u s  t o  th e  o r d e r  o f  n e a r l y  tw e n ty  m i l l i o n s  
o f  f r y  a n d / o r  f i n g e r l i n g s  p e r  a n n u m .  It i s  o b v io u s  t h a t  t h e  c o l l e c t i o n  of 
d a t a  o n  th e  m i l k f i s h  f r y  r e s o u r c e s  r e m a i n s  a n  i m p o r t a n t  p i e c e  o f  w o r k  
to  b e  t a k e n  u p .
C h a n o s  f r y  o c c u r r i n g  in  t h e  s h a l lo w  l a g o o n  a d jo in in g  th e  P a l k  B a y  
w e r e  f i r s t  o b s e r v e d  in  1 9 5 2 . T h e  f r y  f in d  t h e i r  w a y  t h r o u g h  th e  t e m p o ­
r a r y  c o n n e c t io n s  t h a t  a r e  e s t a b l i s h e d  b e tw e e n  th e  s e a  a n d  t h e  l a g o o n  in  
c e r t a i n  y e a r s  a n d  c o n t in u e  to  r e m a i n  in  t h e  l a g o o n  d u r in g  th e  s e a s o n  a s  
lo n g  a s  th e  s a n d  b a r s  r e m a i n  o p e n .  In  t h e  a d j a c e n t  a r e a s  a lo n g  th e  
c o a s t  i t s e l f ,  h o w e v e r ,  i t  h a s  n o t  b e e n  p o s s i b l e  t o  l o c a t e  a n y  f r y .  S o m e  
e x p e r i m e n t s  w e r e  c o n d u c te d  t o  s e e  if  t h e  f r y  c o u ld  b e  m a d e  to  e n t e r  
o t h e r  a r e a s .  F o r  t h i s  p u r p o s e  s h a l lo w  c h a n n e l s  w e r e  e x c a v a t e d  a t  
s t r a t e g i c  p l a c e s  w h ic h  le d  t o  s m a l l  p o o l s .  T h e  e x p e r i m e n t s  w e r e  r e w a r d i n g  
in  t h a t  w e  w e r e  a b le  t o  m a k e  c o l l e c t i o n s  o f f r y  in  s u c h  a r t i f i c i a l  c h a n n e l s .  
D u r in g  th e  f r y  s e a s o n s  i n  s u b s e q u e n t  y e a r s  a l s o  s i m i l a r  e x p e r i m e n t s  w e r e  



















































ev en  f r o m  p la c e s  w h ich  m a y  n o t n o rm a lly  c o n s ti tu te  a  c o l le c t io n  c e n t r e ,  
p ro v id e d  s u ita b le  e n v iro n m e n ta l  co n d itio n s  a r e  c r e a te d  to  in d u ce  th e  f r y  
to  s w a rm  in  (u n p u b lish ed  o b s e rv a tio n s  of T a m p i and S .V . Jo b ) . It is  
p e rh a p s  co m m o n  know ledge th a t  sh a llo w  b a y s , lag o o n s an d  t id a l  c r e e k s  
a r e  e x c e lle n t n u r s e r y  g ro u n d s  fo r  th e  young ones of a  v a r ie ty  of f is h  
and  c r u s ta c e a n s .  M any of th e s e  in  th e  e a r ly  s ta g e s  of th e i r  life  h is to r y  
s e e k  e n try  in to  th e  c a lm  s h e l te r e d  w a te r s  of th e  c o a s t  w h e re  b en th ic  
food  o rg a n is m s  and  d e t r i tu s  a r e  ab u n d an t and w h e re  e c o lo g ic a l c o n d itio n s  
a r e  q u ite  fa v o u ra b le  fo r  th e i r  life  and g ro w th . T he f r y  of a  n u m b e r  of 
m a r in e  fo rm s  su c h  a s  th e  m u l le ts  and  s h r im p s  e x h ib it th e  s a m e  ty p e  of 
b e h a v io u r . It is  th u s  f e l t  th a t  th e  b e h a v io u ra l c h a r a c te r i s t i c s  of th e  f r y  
co u ld  fo rm  an  im p o r ta n t  a s p e c t  of s tu d y  and  th e  r e s u l t s  co u ld  open  up 
p o s s ib i l i t i e s  fo r  im p ro v in g  th e  e x is t in g  c o lle c t io n  te c h n iq u e s .
F o o d  and  F e e d in g
B r ie f  r e f e r e n c e s  to  th e  food and feed in g  of C hanos w e re  m a d e  b y  
C hacko  (1 945 , 1949) and  C hacko  and M ahadevan  (1956) th a t th e  la r v a e  
fe e d  e n t i r e ly  on p la n k to n ic  o rg a n is m s  lik e  d ia to m s  and  co p ep o d s found 
in  the s h o re  a r e a s ;  f in g e r l in g s  fe e d  on d ia to m s , co p ep o d s and to  a  g r e a t  
e x te n t on a lg a e  in  th e  s h o re  re g io n s ;  and th e  a d o le s c e n ts  a s  w e ll a s  
a d u lts  fe ed  on d ia to m s , co p ep o d s , la r v a l  b iv a lv e s , L u c if e r , M y sis , e tc .  
in d ic a tin g  in d is c r im in a te  feed in g  in  th e i r  m o v e m e n ts  b e tw ee n  n e r i t ic  
an d  o cea n ic  a r e a s .
T a m p i (1958) m a d e  a  m o r e  d e ta ile d  a n a ly s is  of th e  food and  feed in g  
of m ilk f is h  and  re v ie w e d  th e  d a ta  p u b lish e d  in  th e  l ig h t of h is  own 
o b s e rv a t io n s .  F o r  p u r p o s e s  of s tu d y , th e  g ro w th  s ta g e s  w e re  d iv id ed  
in to  th r e e  c a te g o r ie s ,  (i) f r y  and  f in g e r l in g s ,  in c lu d in g  a l l  s iz e s  f r o m  
14 m m  to  100 m m  in  to ta l  len g th ; (ii) ju v e n ile s  ra n g in g  f r o m  100 m m  
to  s e x u a l ly  im m a tu re  s p e c im e n s ; and (iii) a d u lts  w h ich  h av e  a t ta in e d  
s e x u a l  m a tu r i ty .  T h e  f r y  and f in g e r l in g s  h ad  fed  m o s tly  on d ia to m s  
s u c h  a s  C h ro o c o c c u s , P le u r o s ig m a , D ip lo n e is , e t c . ,  b lu e - g re e n  a lg a e , 
d e t r i tu s  and  o c c a s io n a lly  on n e m a to d e s  and c r u s ta c e a n  la r v a e ,  u s u a lly  
found  a t  th e  b o tto m  of th e  sh a llo w  sw a m p y  a r e a s .  Ju v e n ile s  w e re  
found  to  fe e d  m o re  on a lg a e , p a r t i c u l a r ly  b lu e - g re e n  an d  g r e e n  a lg ae  
a n d  l e s s  on d ia to m s . A  few  f is h  c o l le c te d  f r o m  th e  s e a  ra n g in g  f ro m  
250 to  300 m m  show ed  m a in ly  M ic ro c o le u s , P h o rm id iu m , L y n g b ia , e tc .  
in  th e i r  s to m a c h s .  S p e c im e n s  above 300 m m  in  le n g th  show ed  sm a ll 
q u a n t it ie s  of m u co id  s u b s ta n c e ,  w ith  th e  a l im e n ta r y  c a n a l  c o l la p s e d  and 
e m p ty  in  m a n y  c a s e s .  T he co n d itio n  of th e  a l im e n ta r y  c a n a l g av e  th e  
im p r e s s io n  th a t th e  f is h  h ad  b e e n  s ta rv in g  f o r  so m e tim e  b e fo re  th e i r  
c a p tu r e .  A few  f i s h  c o l le c te d  f ro m  c u l tu re  p o nds h ad  show n m o s tly  



















































T he ad u lt f is h  cau g h t f ro m  th e  s e a  r e v e a le d  th e  p r e s e n c e  of H ypnea 
an d  G r a c i l a r i a  in  la r g e  q u a n t i t ie s ,  b u t th e  m o s t  s ig n if ic a n t f e a tu r e  w as th e  
p r e s e n c e  of la m e l l ib r a n c h  s p a ts  in  th e  s to m a c h  c o n te n ts ,  s o m e t im e s  in  
g o rg in g  p r o p o r t io n s .  B ased  on the  fa c t  th a t  th e s e  s p a ts  a r e  u su a lly  
found  a t ta c h e d  to  a lg a e , T a m p i (1958) w as of th e  op in ion  th a t  th e  f is h  
had  r e s o r te d  to  b ro w s in g  am ong  th e  a lg a e  g ro w in g  n e a r  th e  b o tto m  a lo n g  
th e  c o a s ta l  re g io n s  w h ere  th e y  w e re  c a u g h t in  s h o r e - s e in e s ,  and  th a t 
th e  f is h  w as  a b le  to  c r u s h  su c h  o rg a n is m s  in  th e  h ig h ly  m u s c u la r  g iz z a r d .  
I t h a s  a ls o  b een  in f e r r e d  f ro m  th e s e  s tu d ie s  th a t  th e  a d u lt f i s h  is  no t a s  
m u c h  p re d o m in a n tly  v e g e ta r ia n  a s  had  b e e n  c o n s id e re d  e a r l i e r ,  b u t th a t 
in  th e  l a t e r  s ta g e s  of th e i r  g ro w th  th e y  a p p e a re d  to  be c a p a b le  of 
co n su m in g  an d  d ig e s tin g  a  v a r ie ty  of a n im a l m a t te r  a ls o  a long  w ith  p la n t 
m a te r i a l  f ro m  th e  s u r ro u n d in g s .  The o b s e rv a tio n s  of K ap o o r (1954) on 
th e  m o rp h o lo g y  and h is to lo g y  of th e  p h a ry n g e a l o rg a n  in  C hanos w ould  
be  of r e le v a n c e  w h ile  in te rp re t in g  th e  food and feed in g  of th e  f i s h .
G row th  and A ge
O u r know ledge on th e  g ro w th  and  ag e  of C hanos in  In d ia  is  b a s e d  
c h ie f ly  on th e  o b s e rv a tio n s  on th e  f is h  c u l tu re d  in  m a r in e ,  b r a c k is h  o r  
f r e s h w a te r  ponds and v e r y  l i t t l e  in fo rm a tio n  is  a v a ila b le  on th e  g ro w th  
and  ag e  of th e  f is h  f r o m  i ts  n a tu r a l  h a b i t a t s . C hacko  and  M ah ad ev an  
(1956), w h ile  re v ie w in g  th e  C hanos c u l tu re  e x p e r im e n ts  c a r r i e d  out a t  
K ru s a d a i  Is la n d , found th a t  th e  g ro w th  in th e  f i r s t  s ix  m o n th s  w as  m u ch  
ra p id ,  (160-170  m m ) and  c o n s id e ra b ly  s lo w e r  in  th e  su c c e e d in g  s ix  m o n th s. 
T h e  f r y  m e a s u r in g  50 m m  and  85 m m  s to c k e d  in Ju n e  had  g ro w n  to  
235 m m  and  260 m m  by  n e x t Ju n e . T h e se  a u th o rs  h ad  s ta te d  th a t  th is  
l im i t  m ig h t be c o n s id e re d  to  r e p r e s e n t  th e  n o rm a l  g ro w th  of th e  f is h  
in  th e  n e r i t ic  re g io n s  of th e  s e a  d u rin g  its  f i r s t  y e a r .  T h e se  a u th o rs  
h ad  f u r th e r  s ta te d  th a t  th e  g ro w th  of C hanos s to c k e d  in  c e r t a in  b r a c k is h -  
w a te r  ponds w as 320 m m  to  425 m m  in  th e  f i r s t  y e a r ,  500 m m  in  the 
se c o n d  y e a r  and  550 to  600 m m  in  th e  th i r d  y e a r .  T h is  is  s a id  to  be 
m u c h  f a s t e r  g ro w th  th a n  th e  c o n d itio n  o b s e rv e d  in  th e  s e a  o r  in  th e  
m a r in e  f i s h  f a r m .  T h e se  a u th o r s  had  a ls o  found th a t  th e  g ro w th  w as 
ev en  m o re  ra p id  in  f r e s h w a te r  ta n k s ,  up to  380 m m  in th e  f i r s t  s ix  
m o n th s , 600 m m  in  one y e a r  and 7 5 0 -950  m m  in  tw o y e a r s .  B a se d  
on  a  few  s p e c im e n s  c o l le c te d  f r o m  th e  s e a , T a m p i (1957) had  te n ta t iv e ly  
c o n c lu d e d  th a t  th e  ag e  of f e m a le s  a t  f i r s t  m a tu r i ty ,  m e a s u r in g  ab o u t 
1 ,1 0 0  m m  cou ld  b e  4 to  5 y e a r s .  I t w a s  a ls o  o b se rv e d  th a t  th e  fem a les  
ab o u t 600 m m  long c o u ld  be  ab o u t tw o y e a r s  o ld  an d  th o s e  of 900 m m  
a r e  ab o u t th r e e  y e a r s .  In th e  c u l tu re  e x p e r im e n t c a r r i e d  ou t a t  
M andapan , T a m p i (1960) o b s e rv e d  a  g ro w th  in c re m e n t of 220 m m  b y  the  
end  of one y e a r ,  th e  g ro w th  b e in g  m o r e  r a p id  in  th e  f i r s t  few  m o n th s  
th a n  in  su b se q u e n t p e r io d .  O b se rv a tio n s  on g ro w th  c h e c k s  on f in  s p in e s ,  



















































W h ile  th e  o p e rc u la r  b o n es  and  th e  f in  sp ines d id  show  so m e  d e f in ite  
r in g s  on th e m , th e i r  u t i l i ty  in  c o r r e la t in g  w ith  ag e  re m a in s  q u e s tio n a b le . 
T h e  s c a le s ,  on th e  o th e r  han d , w e re  found to  b e  to o  th ic k  and opaque 
a s  th e  f i s h  a d v a n c e s  in  ag e  and  c o n v e n tio n a l p r o c e s s in g s  had  n o t y ie ld e d  
a n y  s a t i s f a c to r y  r e s u l t s .
M a tu r i ty
T a m p i (1957) found th a t  C han o s be low  500 m m  in  to ta l  len g th  
g e n e r a l ly  r e m a in  in d e te r m in a te s .  D if fe re n t ia t io n  of th e  gonad  in to  t e s t i s  
o r  o v a ry  u n d e r  th e  m ic ro s c o p e  w as  p o s s ib le  on ly  in  s p e c im e n s  above th is  
le n g th . Two s ta g e s  of m a tu r i ty  in  m a le s  w e re  c o l le c te d , one in  a  v e r y  
e a r ly  s ta g e  and th e  o th e r  in  a n  ad v an c ed  c o n d itio n . T he a b s e n c e  of 
m ito t ic  f ig u re s  o r  d iv id in g  s p e rm a to g o n ia  in  m a le s  be low  830 m m  
in d ic a te d  th a t  s p e r m a to g e n e s is  to o k  p la c e  in  l a t e r  s ta g e s  o n ly . In m a tu re  
m a le s  m e a s u r in g  1 ,0 8 0  to  1 ,1 4 0  m m  to ta l  le n g th , s p e r m s  w e re  o b se rv e d  
in  s p e r m a t ic  tu b u le s .  In  th e  fe m a le  s p e c im e n s  fo u r  m a tu r i ty  s ta g e s  w e re  
r e c o g n iz a b le : (i) th e  e a r l i e s t  one in w h ich  d if f e r e n t ia t io n  as  o v a ry  w as  
p o s s ib le ;  (ii) th e  im m a tu r e  s ta g e  w ith  u n ifo rm  d ev e lo p m e n t of ova; 
(iii) th e  n e a r ly  m a tu r e  c o n d itio n  w ith  r ip e  in t r a - o v a r ia n  eggs; and  
(iv) th e  sp e n t an d  r e c o v e r in g  s ta g e s .  The r ip e  o v a r ie s  w e re  b r ig h t  
y e llo w  in  c o lo u r  ow ing to  th e  y o lk - la d e n  e g g s . T he ova w e re  a r r a n g e d  
c lo s e ly  in  th e  o v ig e ro u s  la m e l la e  in  a  t r a n s v e r s e  m a n n e r .  T h ey  w e re  
e x p o se d , fac in g  th e  c o e lo m ic  w a ll ,  show ing a  g y m n o v a r ia n  c o n d itio n . 
T he r ip e  o v a  w e r e  s p h e r ic a l  an d  t r a n s lu c e n t ,  w ith o u t an  o il g lo b u le , 
c o n ta in e d  f in e ly  d iv id ed  y o lk  and  m e a s u re d  an  a v e ra g e  d ia m e te r  of 
0 .8  m m . T he s p e n t o v a r ie s  c o n ta in e d  b o d ie s  r e s e m b l in g  s ta g e s  in  th e  
fo rm a t io n  of a  " c o rp u s  lu te u m " .
A lth o u g h  s u f f ic ie n t d a ta  an d  m a te r i a l  have  n o t b e e n  a v a ila b le  on 
th e s e  a s p e c t s ,  th e  s tu d ie s  of T a m p i (1957) have  in d ic a te d  th a t th e  o v a ry  
s t a r t s  a c tiv e  d e v e lo p m e n t w ith  th e  fo rm a tio n  of o o cy te s  w hen  th e  f ish  
is  m o re  th a n  ab o u t 500 m m  in  to ta l  le n g th , bu t in  m a le s  th e  s p e rm a to c y te s  
b e g in  to  a p p e a r  on ly  a f t e r  th e  f is h  r e a c h e s  a  s iz e  of m o re  th a n  900 m m . 
T h e  s iz e  r a n g e s  of m a le s  and  fe m a le s  of c o r re s p o n d in g  m a tu r i ty  s ta g e s  
h av e  show n th a t  th e  m a tu ra t io n  of th e  t e s t e s  proceeds f a s t e r  th a n  th e  
o v a r ie s  and  th a t  th e  m a le s  a r e  s m a l le r  th a n  th e  f e m a le s  a t  th e  s a m e  
m a tu r i ty  c o n d itio n . T he h is to lo g ic a l  s tu d ie s  of g ra v id  fe m a le s  d id  no t 
r e v e a l  th e  p o s s ib i l i ty  of th e  f is h  h av in g  sp aw n ed  e a r l i e r ;  and, b a s e d  on 
th i s  i t  w a s  a s s u m e d  th a t  th e  f i r s t  sp aw n in g  ta k e s  p la c e  w hen  th e  f is h  



















































F e c u n d ity  and  S paw ning
C hacko  and M ah ad ev an  (1956) gave  th e  fe c u n d ity  of C hanos a s  
1 .9  to  2 m il l io n  eg g s; b u t ,  th e  s tu d ie s  of T a m p i (1957) h av e  show n th a t 
m a tu r e  eggs in  g ra v id  fe m a le s  v a r ie d  b e tw ee n  tw o m ill io n  and fiv e  m ill io n  
in  n u m b e r .  It w as  a ls o  found th a t th e  n u m b e r  of eggs p r e s e n t  w as p r o ­
p o r t io n a l  to  th e  le n g th  of th e  f is h .
T h e  ova d ia m e te r  f r e q u e n c y  s tu d ie s  u n d e r ta k e n  by  T am p i (1957) 
on m a tu re  f is h  h av e  show n th e  a b s e n c e  of m u ltip le  m o d e l c u r v e s ,  b u t 
th e  p r e s e n c e  of on ly  tw o w id e ly  s e p a r a te d  g ro u p s  of im m a tu re  and 
m a tu r e  eg g s , in d ic a tin g  th a t  th e  f is h  h a s  on ly  one sp aw n in g  s e a s o n  in  
a  y e a r .  H o w ev er, th e  p r e s e n c e  of in d is t in c t  m in o r  m o d es  and  th e  w ide 
ra n g e  of s iz e  s e e m e d  to  in d ic a te  so m e  s o r t  of f r a c t io n a l  spaw ning  
w ith in  th e  s e a s o n .
B a se d  on th e  o b s e rv a tio n s  on th e  o c c u r r e n c e  and  a v a i la b i l i ty  of the 
f r y ,  i t  is  in f e r r e d  th a t  th e  f i s h  u s u a lly  sp aw n s d u r in g  F e b r u a r y  to  M ay 
p e r io d .  P a n ik k a r  e t a l (1952) once  r e c o rd e d  th e  f r y  d u r in g  N o v em b er 
and  D e c e m b e r  in  th e  M an d ap am  a r e a  w h en  s p e n t f e m a le s  a ls o  w e re  
c o l le c te d .  T h e re fo re ,  th e y  h ad  d ra w n  a t te n t io n  to  th e  p o s s ib i l i ty  of a 
s u b s id ia r y  spaw ning  d u r in g  O c to b e r -D e c e m b e r .  R ao  (1972), b a se d  on 
th e  co n tin u o u s  o c c u r r e n c e  of th e  f r y  f r o m  F e b r u a r y - M a r c h  to  O c to b e r , 
is  of th e  o p in ion  th a t  in d iv id u a l f is h  m a y  be spaw ning  in d e p e n d e n tly  of 
th e  o th e r s  in  th e  p o p u la t io n .
A s in  th e  c a s e  o f sp aw n in g  s e a s o n , th e  e x te n t of th e  sp aw n in g  
g ro u n d s  of Chanos in  th e  In d ian  s e a s  is  to  b e  in f e r r e d  o n ly  f r o m  th e  
o c c u r r e n c e  and  ab u n d an c e  of th e  f r y .  The G ulf of M an n ar s id e  on th e  
s o u th e a s t  c o a s t  is  u n d o u b ted ly  one of th e  a r e a s  w h ich  show  th e  m o s t 
ab u n d an t c o n c e n tra t io n  of C hanos f r y .  S im ila r ly ,  m a n y  p la c e s  a ro u n d  
P o in t C a l im e re ,  M a d ra s , M a su lip a tn a m  and C h ilk a  f a r th e r  to w a rd s  th e  
n o r th  a r e  good c o l le c t io n  c e n te r s  fo r  e a r ly  f r y .  Judg ing  b y  th e  s iz e  of 
th e s e  f r y  and th e  t im e  r e q u i r e d  f o r  th e i r  m ig ra t io n  to  th e  c o a s t ,  i t  m a y  
b e  co n ten d ed  th a t th e  sp aw n in g  g ro u n d s  a r e  n o t f a r  off f r o m  th e  c o a s t .  
B u t c o n c re te  e v id e n c e s  a r e  la c k in g .
B a se d  on th e  r e la t iv e  ab u n d an ce  of th e  f r y  d u r in g  new  m o o n  
p e r io d  th a n  d u rin g  fu ll  m o o n  p e r io d  (C hacko  and M ah ad ev an , 1956; 
R ao , 1972), i t  a p p e a r s  th a t  th e  spaw n ing  in te n s i ty  is  g r e a t e r  d u r in g  
th e  f o r m e r  p e r io d .  T h e  o b s e rv a tio n s  of M a lu p illa y  and  C hacko  (1959) 
an d  R ao  (1972) th a t th e  p e a k s  of o c c u r r e n c e  of th e  f r y  w e re  p re c e d e d  
b y  r a in fa l l ,  in d ic a te  th a t  th e  spaw n ing  p r o c e s s  ta k e s  p la c e  d u r in g  o r  
so o n  a f te r  the  r a in s .  M any  m a r in e  s p e c ie s  of f is h  a r e  know n to  b eco m e  



















































Eg gs an d  L a rv a e
T he o n ly  r e p o r t  on th e  c o l le c t io n  of th e  eggs of C hanos f ro m  
In d ia n  w a te r s  is  th a t  of C hacko  (1950) f r o m  th e  G ulf of M a n n a r . T h e ir  
id e n tif ic a t io n  w as  b a s e d  on th e  d e s c r ip t io n s  g iv e n  b y  D e lsm a n  (1926, 1929) 
of C hanos eg g s c o l le c te d  f r o m  th e  Ja v e  c o a s t .  D e ta ile d  d e s c r ip t io n s  
and  f ig u re s  of th e s e  eggs and th e  la r v a e  h a tch ed  ou t of th e m  h av e  no t 
b e e n  p u b lish e d  so  f a r .  S u b se q u en tly , C hacko and M ah ad ev an  (1956) had  
c o l le c te d  f ro m  th e  N e llo re  c o a s t  eg g s  re s e m b lin g  th o se  of C h an o s , b u t 
th e s e  w e re  s a id  to  be s m a l le r  in d ia m e te r .  One of us ( P .R .S .  T .)  had  
is o la te d  la r g e  n u m b e rs  of eggs f r o m  th e  s u r f a c e  p la n k to n  c o lle c t io n s  
o f th e  G ulf of M an n ar d u r in g  J a n u a ry -M a rc h  1951, i . e .  th e  m o n th s  
im m e d ia te ly  p re c e d in g  th e  a p p e a ra n c e  of f r y  a long  th is  c o a s t  and  w h a t 
co u ld  be th e  p ro b a b le  sp aw n in g  s e a s o n .  T h e se  eg g s  c lo s e ly  a g re e d  w ith  
th e  know n d e s c r ip t io n s  of C hanos e g g s . H o w ev er, th e  la r v a e  h a tc h e d  out 
f r o m  th e m , e s p e c ia l ly  of th e  s e c o n d  and  th i r d  d a y s , fa i le d  to  show  th e  
p a t te r n  of a r r a n g e m e n t  of th e  m u s c le  f ib e r s  in th e  m y o to m e s  o r  th e  
p ig m e n ta tio n  s a id  to  be  c h a r a c t e r i s t i c  of C hanos la r v a e .  S im ila r  
c o lle c t io n s  w e r e  m a d e  in  su b se q u e n t y e a r s  a ls o  f r o m  th e s e  lo c a l i t i e s .  
D if f ic u ltie s  in  r e a r in g  th e  h a tc h in g s  beyond  th e  c r i t i c a l  p h a s e  and  to  ta k e  
th e m  to  a n  id e n tif ia b le  s ta g e  have  b e e n  th e  m ain  b o tt le n e c k  in  s e t t l in g  
th e  id e n tity  of th e  eggs and  la r v a e .
P h y s io lo g ic a l  A d a p ta tio n
S om e s tu d ie s  w e re  m a d e  of th e  ad a p tiv e  re s p o n s e s  of th e  f i s h  to  
v a r ia t io n s  in  s a l in i ty ,  te m p e r a tu r e  (P a n ik k a r ,  e t  a l ,  1953) and  d is s o lv e d  
o x y g en  co n te n ts  of w a te r  (V isw an a th an  and T a m p i, 1952). It w as  found 
th a t  th e  f in g e r l in g s  m a in ta in e d  th e i r  b lo o d  s e r u m  c h lo r id e  f a i r l y  c o n s ta n t 
in  a  w id e  ra n g e  of e x te r n a l  s a l in i ty  v a r ia t io n s .  In  e x te r n a l  s a l in i t i e s  
c o r re s p o n d in g  to  a  c h lo r id e  c o n te n t of 5 p p m  and  le s s ,  th e  s e r u m  c h lo r id e  
v a lu e s  w e re  s u g g e s tiv e  of a  b re a k d o w n  of o s m o re g u la to ry  m e c h a n is m  of 
th e  f is h .  H o w ev er, th e  p r e s e n c e  of c a lc iu m  (144 ppm ) in  th e  e x te r n a l  
m e d iu m  a id e d  th e  f is h  in  th e  r e te n t io n  of b lood  s a l t s  th u s  p o in tin g  to  th e  
s ig n if ic a n c e  of c a lc iu m  io n s  in  o s m o re g u la to ry  fu n c tio n s . The s a l in i ty  
o f th e  w a te r  d id  n o t a p p e a r  to  in flu en ce  to  an y  s ig n if ic a n t e x te n t su c h  
m e ta b o lic  c h a r a c t e r i s t i c s  of th e  f is h  a s  h e a t - d e a th  te m p e r a tu r e ,  oxygen  
co n su m p tio n , r e s i s ta n c e  to  a sp h y x ia tio n , e tc .  D isc u s s in g  th e  s ig n if ic a n c e  
of th e  d a ta , th e  a u th o rs  p o in te d  ou t th a t  an y  r a t io n a l  s y s te m  of f is h  c u l tu re  
r e q u i r e s  a s  an  e s s e n t i a l  p r e r e q u i s i t e  in fo rm a tio n  on th e  to le r a n c e  
l im i ts  of s a l in i ty  and  te m p e r a tu r e ,  th e  in f lu e n c e  of ions in  th e  w a te r  and 
of th e  s iz e  of th e  f i s h .  The re la t io n s h ip s  b e tw ee n  s iz e  and  m e ta b o lic  
a c t iv i ty  of th e  f is h  w e re  found u se fu l in  th e  c a lc u la t io n  of th e  r a t e  of 
v a r ia t io n  of th e  n u m b e r  of v ia b le  f i s h  u n d e r t r a n s p o r t  w ith  th e  s iz e  of th e  
f i s h  and  in  p ro v id in g  a  c o n v e n ie n t m e a s u r e  fo r  th e  c o m p a r is o n  of th e  



















































P i tu i ta ry ,  T h y ro id  and K idney
In v iew  of th e  im p o r ta n c e  of th e  e x c r e to r y  o rg a n s  and  e n d o c r in e  
s y s te m  in  th e  m a in te n a n c e  of a  s te a d y  s ta te  of in te r n a l  e n v iro n m e n t 
of th e  f is h ,  a s tu d y  of th e  k idney , p i tu i ta r y  and th y ro id  in  d if f e r e n t  
s ta g e s  of th e  f is h  w as  m a d e  b y  T a m p i (1951, 1953 and  1959). The 
k id n e y  in  th e  ad u lt f is h  h a s  th e  c o n v e n tio n a l h is to lo g ic a l s t r u c tu r e ,  
c o m p o se d  of g lo m e ru li  fo llo w ed  by  a  c i l ia te d  n e c k , a  c o m p a r a t iv e ly  
n a r ro w  p ro x im a l co n v o lu ted  s e g m e n t and  a  b r o a d e r  d is ta l  s e g m e n t.  
T he k id n ey  in  th e  l a r v a l  s ta g e s  in th e  15 m m  la r v a  (u n p u b lish e d  d a ta  
o f P . R . S . T . )  is  a  m u ch  s im p le  s t r u c tu r e  c o n s is tin g  of 15 -20  g lo m e ru li ,  
e a c h  w ith  a s h o r t ,  a p p a re n tly  u n d if fe re n tia te d  tu b u le , a l l  of w h ich  a r e  
em b ed d ed  in  a  h ig h ly  v a s c u la r  h a e m o p o ie tic  t i s s u e  s u r ro u n d in g  th e  
m a in  d o r s a l  b lood  v e s s e l .  A t th is  s ta g e  th e  u r in e  is co n d u c ted  to  th e  
o u ts id e  by m e a n s  of a  co m m o n  u r e t e r .  T he s ig n if ic a n c e  of th e  f in e r  
s t r u c tu r e  of th e  r u r a l  tu b u le s , if p r o p e r ly  u n d e rs to o d  th ro u g h  e x p e r im e n ts ,  
w ould  be of im m e n se  b e n e f it  in  u n d e rs ta n d in g  th e  o s m o re g u la to ry  p o w e rs  
of th e  f is h .  S tru c tu re  p e c u l ia r i t i e s  in the  p i tu i t a r y  of th e  e a r ly  f is h  
w e re  o b s e rv e d  a lth o u g h  th e i r  fu n c tio n a l s ig n if ic a n c e  is  n o t known. S im i­
l a r ly ,  th e r e  is  a  f a i r l y  good a c c o u n t a v a i la b le  on th e  n a tu r e  of the  
th y ro id  c e l ls  of th e  l a r v a l  f i s h  u n d e r  d if f e re n t  s a l in i t i e s ,  te m p e r a tu r e  
and  u n d e r  the  in flu en ce  of c e r t a in  th y ro id  in h ib itin g  d ru g s  (u n p u b lish ed  
d a ta  of P . R . S . T . ) .
G e n e ra l  R e m a rk s  on F u tu r e  L in e s  of In v e s tig a tio n s
T h e  p a u c ity  of d a ta  on th e  ad u lt m ilk f is h  h a s  b e e n  a  g e n e r a l  
c o n s t r a in t  and th e  n eed  to  h av e  a  b e t te r  u n d e rs ta n d in g  of th e  b io lo g y  of 
th e  f is h  h a s  b e e n  w id e ly  s t r e s s e d .  A s th e  d is t r ib u t io n  of th e  f is h  c o v e rs  
a  v e r y  la rg e  re g io n  s p re a d  o v e r  th e  In d o -P a c if ic ,  i t  is e s s e n t i a l  th a t 
th e  v a r io u s  c o u n tr ie s  c o n c e rn e d  c o l la b o ra te  and o b ta in  a s  m u ch  r e l ia b le  
in fo rm a tio n  a s  p o s s ib le  in  th is  r e s p e c t .  S e v e ra l  a g e n c ie s  in th e s e  
c o u n tr ie s  a r e  a t  p r e s e n t  a c t iv e ly  eng ag ed  in s tu d ie s  on th e  d if fe re n t  
a s p e c t s ,  m o s t  of w h ich  p e rh a p s  la y  g r e a t e r  s t r e s s  on th e  p r a c t ic a l  
p ro b le m s  r e la te d  to  i ts  c u l tu r e .  W hile a  c o o p e ra tiv e  a p p ro a c h  co u ld  
y ie ld  q u ic k  and  u se fu l r e s u l t s  in u n ra v e llin g  th e  p ro b le m s  on the life  
of su c h  a  f ish  w ith  e x te n s iv e  d is t r ib u t io n ,  i t  m a y  be p o s s ib le  to  ta c k le  
so m e  of th e  s tu d ie s  on a  r e g io n a l  o r  lo c a liz e d  b a s is  and depending on 
th e  f a c i l i t ie s  and in t e r e s t s  of the  s p e c if ic  re g io n . In th is  m a n n e r  th e  
e x is t in g  g ap s  cou ld  be  c o v e re d  so  th a t  a  c o m p le te  a cc o u n t cou ld  be 
b u il t  up if a  p la n n ed  a p p ro a c h  is ta k e n .
W hen v iew ed  in th is  b ac k g ro u n d  and p r io r i t i e s  a r e  d ra w n  up, 
s tu d ie s  on a r t i f i c i a l  in d u c e m e n t o f sp aw n in g  of th e  m ilk f is h  m a y  



















































o rg a n iz a tio n s  a r e  s e iz e d  of th is  p ro b le m  and e x p e r im e n ts  a r e  u n d e rw a y  
to  m a k e  th e  f is h  b re e d  a r t i f i c i a l l y  th ro u g h  th e  te c h n iq u e  of a d m in is te r in g  
p i tu i ta r y  h o rm o n e s . T h is  te c h n iq u e , as  w e know  to d ay , is  a p p lic a b le  
o n ly  to  m a k e  s e x u a l ly  m a tu r e  f is h  r e l e a s e  th e  g o n ad a l p ro d u c ts  so  
th a t  e x te rn a l  f e r t i l i z a t io n  of eg g s  co u ld  be c a r r i e d  o u t. In th e  c a s e  
of th e  m ilk f ish , o b ta in in g  s e x u a l ly  r ip e  f is h  e i th e r  in  n a tu re  o r  in 
ponds r e m a in s  a  p ro b le m  b y  i t s e l f .  T h e re fo re ,  e f fo r ts  w ill  h a v e  to  
b e  m a d e  to  s e e  how th e  f i s h  co u ld  b e  r e a r e d  to  a  s ta g e  w h en  p i tu i ta r y  
h o rm o n e  a d m in is t r a t io n  c o u ld  be e f fe c t iv e .  In th is  co n n e c tio n  so m e  
fu n d a m e n ta l s tu d ie s  on th e  p h y s io lo g y  of th e  f ish , c o v e r in g  th e  w ho le  
g a m u t of r e p ro d u c t iv e  p h y s io lo g y  to g e th e r  w ith  e n d o c rin o lo g y  a s  w e ll 
a s  a d a p ta tio n a l p h y s io lo g y  and m e ta b o l is m , w ould  be h e lp fu l.
T h e  n ex t i te m  w h e re  a  c o o p e ra t iv e  e f fo r t  w ould  be c a l le d  fo r  is 
th e  lo c a tio n  of th e  sp aw n in g  g ro u n d s  as  w e ll  a s  id e n tif ic a t io n  of the  
eg g s and e a r ly  la r v a e  f r o m  th e  p la n k to n . It is  t im e  th a t th e  q u e s tio n  
of id e n tif ic a t io n  o f th e  eg g s is  re v ie w e d  in  g r e a t e r  d e ta i l  and th e  id e n tity  
e s ta b l is h e d  so  th a t  th e  w o r k e r s  in  th e  d if fe re n t r e g io n s  could have  a 
p o s it iv e  g u id e  in th is  r e s p e c t .  F o r  th is  p u rp o s e , h o r iz o n ta l  and  v e r t ic a l  
p la n k to n  c o l le c t io n s  d u r in g  a p p r o p r ia te  s e a s o n s  sh o u ld  be in te n s if ie d  
in  th e  d if fe re n t  re g io n s  and  e f fo r ts  sh o u ld  b e  m a d e  to  h a tc h  and  r e a r  th e  
eg g s to  an  id e n tif ia b le  s ta g e  so  th a t th e  r e l ia b le  c h a r a c te r s  cou ld  b e  
d e l in e a te d .  T h is  w ould  a ls o  h e lp  in  th e  lo c a tio n  of spaw n ing  g ro u n d s  
of th e  f is h .
A c r i t i c a l  s tu d y  of th e  sp aw n in g  s e a s o n  r e v e a ls  c e r t a in  in te r e s t in g  
f e a tu r e s .  B y and la r g e ,  th e  m a in  f r y  and f in g e r l in g  s e a s o n  in  m an y  
re g io n s  of th e  In d o -P a c if ic  c o a s t  is  d u rin g  th e  s u m m e r  m o n th s  of 
A p r i l - J u ly .  H o w ev er, in  m a n y  p la c e s  f r y  h av e  b een  re p o r te d  to  
o c c u r  in  o th e r  m o n th s ; th is  h a s  le d  us to  b e l ie v e  th a t  th e r e  is  m o r e  
th a n  one b re e d in g  s e a s o n , o r  th a t  in d iv id u a l f is h  m a y  ex h ib it v a r ia t io n s  
b e s id e s  th e  s p e c ie s  a s  a  w h o le  show ing p r o t r a c te d  spaw n ing  b e h a v io r s .  
A p a r t  f r o m  th e  p o s s ib i l i ty  of e x is te n c e  of d if f e r e n t  r a c i a l  s to c k s  w ith  
d if f e r e n t  sp aw n in g  c h a r a c t e r i s t i c s ,  one f a c to r  w h ich  a p p e a rs  to  be 
in v o lv ed  and  w h ich  d oes n o t s e e m  to  hav e  b e e n  g iv e n  due c o n s id e ra t io n  
is  th e  p a t te r n  of m ig r a to r y  b e h a v io u r  of th e  f ry  and  f in g e r l in g s .  
F o r ,  if  th e  e x a c t t im e  o f a p p e a ra n c e  of f r y  a long  an y  p a r t i c u l a r  c o a s t  
is  c a r e f u l ly  a n a ly z e d , e s p e c ia l ly  in  r e la t io n  to  th e  s iz e ,  so m e  d e fin ite  
p a t te r n  is  l ik e ly  to  e m e r g e .  A t le a s t ,  it  is  so  in  th e  c a s e  of th e  
o c c u r r e n c e  of C hanos f r y  a lo n g  th e  e a s t  c o a s t  of In d ia  w h e re  th e  f r y  a r e  
f i r s t  r e p o r te d  f r o m  th e  G ulf of M a n n a r  a r e a  and  g ra d u a l ly  a s  th e  s e a s o n  
a d v a n c e s  th e y  show  up in  th e  n o r th e rn  c e n t r e s  to w a rd s  th e  l a t e r  m o n th s . 
T h e re  is  so m e  in c r e a s e  in  th e i r  a v e ra g e  s iz e  a ls o  a s  th e y  o c c u r  in  
th e s e  n o r th e r n  c e n t r e s .  W hile th is  is  o n ly  a  g e n e r a l  o b s e rv a tio n  w h ich  
n e e d s  m o r e  c r i t i c a l  a n a ly s is  and  a  b a s is  d e te rm in e d , f r o m  o u r 



















































n eed  to  s tu d y  th is  a s p e c t  c a r e f u l ly .  It is  n o t c l e a r  if h y d ro g ra p h ic  
f a c to r s  have  an y  in flu en ce  on th is  ty p e  of b e h a v io u r . S ide by  s id e  
w ith  su c h  s tu d ie s , it  w ould  be a d v an tag eo u s  to  co n d u c t in v e s t ig a t io n s  
on  f a c to r s  th a t  te n d  to  a t t r a c t  th e  f r y  to  s p e c if ic  l o c a l i t i e s ,  any 
p e r io d ic i ty  o r  c y c lic  o c c u r r e n c e  and a lso  th e i r  m ig ra t io n  b a c k  to  th e  
o pen  s e a s  w hen  on ce  th e y  p a s s  th e  f in g e r l in g  s ta g e .  Som e tag g in g  
o p e ra t io n s  on f in g e r l in g s  a t  s e le c te d  c e n t r e s  would p ro v e  b e n e f ic ia l  
in  u n ra v e llin g  so m e  of th e  l e s s  know n p ro b le m s  of b e h a v io u r  of the  
f i s h  in  th is  e a r ly  p h a s e .
F o r  su ch  o f th o s e  re g io n s  w h ich  a r e  p r im a r i l y  c o n c e rn e d  w ith  
th is  f is h  a s  th e  p r in c ip a l  s p e c ie s  fo r  b ra c k is h w a te r  c u l tu re  and 
w here  p o te n tia ls  e x is t ,  i t  is  im p e ra t iv e  th a t a  p r o p e r  s u rv e y  and 
e s t im a t io n  of th e  n a tu r a l  f r y  r e s o u r c e s  a r e  c o m p le te d  w ith o u t f u r th e r  
d e la y . A t th e  s a m e  t im e ,  th o s e  re g io n s  indu lg ing  in  f r y  c o l le c t io n  a s  
a  t r a d e  w ould do w e ll  to  w a tc h  th e  tre n d  of c o lle c t io n s  f r o m  y e a r  to  
y e a r  so  th a t an y  p o s s ib le  e f fe c t  on th e  u lt im a te  s to c k  co u ld  be s tu d ie d , 
a lth o u g h  th e  re m o v a l  of a  few  m ill io n  f r y  e v e ry  y e a r  f r o m  a n y  lo c a li ty  
is  u n lik e ly  to  r e s u l t  in  an y  s e r io u s  a d v e r s e  e ffe c t in  th e  c a s e  of a 
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W orking P ap e r No. 16
MORPHOLOGICAL MEASUREMENTS, GONADAL DEVELOPMENT 
AND ESTIMATED AGE OF ADULT MILKFISH, CHANOS CHANOS 
CAPTURED IN PANDAN BAY FROM 10 MAY -  16 JUNE, 1975*
by
L. B. T iro , J r . ,  A. C. V illaluz and W. E . Vanstone**
A b strac t
F ro m  10 May to 16 June, 1975, 106 adult m ilk fish  w ere captured  
in an otoshi-a m i 500 m e te rs  o ffshore . Of the 106 specim ens, 37 w ere 
fem ales in various s tages of gonadal developm ent o r spent and 69 w ere 
m a le s  of which 41 w ere  sexually m a tu re . The age of these fishes w ere 
estim ated  to be betw een 3 and 5 y e a rs .
Introduction
F ro m  10 to May 16 June, 1975, the SEAFDEC study team  which 
w as stationed in Pandan, Antique P rov ince , Ph ilipp ines (Kumagai 
et  a l . , 1976) obtained 106 adult m ilk fish , Chanos chanos from  the 
o to sh i-am i ad jacen t to the lab o ra to ry  site a t M ag-aba, Pandan. Inform ation 
on the length, weight, gonadal developm ent, gonado-som atic indices of the 
cap tured  m ilk fish  toge ther w ith re c o rd s  on salin ity  and tem p era tu re  of 
w a ter a t the o to sh i-am i have been deta iled  in th is  re p o rt. A ttem pts 
have a lso  been m ade to de term ine  age of these  sabalo by study of th e ir  sca le s .
M a te ria ls  and M ethods
The daily routine of the com m erc ia l fisherm en  w orking on the 
o toshi-am i a t M ag-aba included lifting the bag of the net and collecting 
the fish  catch a t about 0400, 1 2 00 and 1600 h o u rs . M em bers of the 
study team  accom panied the fish e rm en  daily and obtained w a te r sam ples 
from  depths of 5, 15 and 30 m e te rs  during the 1200 hour fishing 
operation . W ater te m p e ra tu re s  w ere  reco rd ed  im m ediately  and the 
salin ity  of each sam ple w as d e te rm ined  a t the lab o ra to ry . W henever 
adult m ilk fish  (sabalo) w ere  caught in any of the th ree  daily catches.
*T his w ork has been p a rtia lly  supported through a g ran t to SEAFDEC by 
the In ternational Developm ent R esearch  C entre under p ro jec t 
No. 3 -P -74 -0146 .
**M r. T iro , J r .  is  a re s e a rc h  aide, while M r. V illaluz is  a re s e a rc h e r , 
of the SEAFDEC A quaculture D epartm ent, and D r. W. E . Vanstone 



















































t h e y  w e r e  u s u a l l y  k i l l e d  a t  t h e  o t o s h i - a m i  a n d  t r a n s p o r t e d  to  th e  l a b o r a t o r y  
w i t h in  o n e  h o u r  o f r e m o v a l  f r o m  th e  n e t .  P r i o r  to  a r r i v a l  o f  th e  s tu d y  
t e a m  a t  M a g - a b a  o n  13 M a y , th e  c o m m e r c i a l  f i s h e r m e n  c a p t u r e d  19 
s a b a l o  o n  10 M a y . T h e s e  s p e c i m e n s  w e r e  i m m e d i a t e l y  p l a c e d  in  a  h o ld in g  
p e n  c o n s t r u c t e d  o f 2 - i n c h  (5 c m )  s t r e t c h  m e s h  k n o t te d  n y lo n  n e t  12 m  x  
13  m  x  15 m  d e e p  a d j a c e n t  to  t h e  o t o s h i - a m i .  O n  14  M a y  t h e s e  f i s h  
w e r e  k i l l e d  a n d  d e s i g n a t e d  a s  s a m p l e  N o s .  1 - 1 9  b y  t h e  s tu d y  t e a m .  
F o u r t e e n  o f  th e  s a b a l o  c a p t u r e d  o n  18 M a y  w e r e  a l s o  p l a c e d  in  th e  h o ld in g  
p e n  a n d  2 o f  t h e s e  (N o s . 64  a n d  66) w e r e  k i l l e d  on 2 4  M a y  w h i le  t h e  
r e m a in i n g  12 ( N o s .  7 6 -8 7 )  w e r e  k i l l e d  o n  27  M a y . A l l  s p e c i m e n s  w h ic h  
w e r e  h e ld  in  th e  h o ld in g  p e n  s u s t a i n e d  m u l t ip l e  i n j u r i e s  a n d  h a d  o p a q u e  
a d ip o s e  e y e l i d s  a t  th e  t i m e  o f s a m p l i n g .
A f t e r  r e c o r d i n g  t h e  l e n g th  a n d  w e ig h t  o f  e a c h  s a m p l e  a t  t h e  
l a b o r a t o r y ,  g o n a d s  w e r e  w e ig h e d  a n d  p r e s e r v e d  in  10%  s e a w a t e r  
f o r m a l i n .  S i m i l a r l y ,  th e  a n t e r i o r  s p i r a l  p o r t i o n  o f  th e  o e s o p h a g u s  w a s  
p r e s e r v e d  in  10%  s e a w a t e r  f o r m a l i n  f o r  q u a l i t a t i v e  a n a l y s i s  o f i t s  c o n te n t s  
a s  r e p o r t e d  b y  V i l l a l u z  e t  a l .  (1 9 7 6 ) .
T w o  s p e c i m e n s  of f e m a l e  s a b a l o  c o n ta in in g  a l m o s t  s e x u a l l y  m a t u r e  
o v a r i e s  w e r e  c a p t u r e d  in  a  f i s h  c o r r a l  l o c a t e d  a t  H a m tik ,  A n t iq u e ,  100  k m  
s o u th  o f P a n d a n  on  8 A p r i l  a n d  8 M a y . F e c u n d i t y  o f  t h e s e  s a m p l e s  a n d  
o f  M a g - a b a  s a m p l e  N o .  62 w a s  d e t e r m i n e d  g r a v i m e t r i c a l l y  (F A O  1 9 5 8 ) .
F i v e  s c a l e s  w e r e  r e m o v e d  f r o m  e a c h  o f  t h e  fo l lo w in g  f o u r  r e g io n s  
o f  e a c h  s a b a l o  s a m p l e d :  (1) m id w a y  b e tw e e n  th e  l a t e r a l  l in e  a n d  th e  d o r s a l  
f in ;  (2) i m m e d i a t e l y  p o s t e r i o r  t o  th e  v e n t r a l  f in ; (3) d i r e c t l y  a b o v e  th e  
p e l v i c  f in ;  a n d , (4) a r o u n d  th e  a n u s .  T h e  s c a l e s  w e r e  a i r - d r i e d  a n d  
a p p r o x i m a t e l y  tw o  m o n th s  l a t e r  w e r e  c l e a n e d  in  w a r m  w a t e r  to  r e m o v e  
a t t a c h e d  m u c u s  a n d  r e - d r i e d .  T h e  c l e a n e d  a n d  f l a t t e n e d  s c a l e s  w e r e  
e x a m in e d  a t  a  m a g n i f i c a t i o n  o f  4 0 0  t i m e s  a n d  th e  a g e  o f  e a c h  f i s h  e s t i ­
m a t e d  b y  t h e  m e th o d  f o l lo w e d  b y  C h iu  (1 9 6 5 ) . T h i s  m e th o d ,  d e v e lo p e d  
f o r  a g e  s tu d y  o f  s i l v e r  c a r p ,  c o n s i s t s  o f c o u n t i n g  t h e  n u m b e r  o f  s e t s  
o f  d i s c o n t in u o u s  l i n e s  a s  i l l u s t r a t e d  in  F i g .  1 . S c a l e s  c o l l e c t e d  f r o m  
a b o v e  th e  p e lv ic  f in  d id  n o t  c o n ta in  c l e a r  s e t s  of c o n t in u o u s  l i n e s  a n d  
w e r e  d i s c a r d e d .  S c a l e s  f r o m  th e  o t h e r  t h r e e  r e g i o n s  o n  e a c h  f i s h  c o n ta in e d  
t h e  s a m e  l in e  p a t t e r n s  a n d  w e r e  u s e d  f o r  e s t i m a t i n g  th e  a g e .
R e s u l t s  a n d  D i s c u s s i o n
T h e  t o t a l  d a i l y  c a t c h  o f a d u l t  m i l k f i s h  f r o m  th e  M a g - a b a  o t o s h i - a m i  
b e tw e e n  10  M a y  a n d  16 J u n e ,  1 9 7 5 , t o g e t h e r  w i th  t h o s e  o b ta in e d  f r o m  
t h e  o p e r a t o r  of th e  o t o s h i - a m i  d u r in g  J a n u a r y  t o  4  J u n e ,  1 9 7 4  a n d  



















































F i g .  1 . D ia g r a m  o f  a  t y p i c a l  d o r s a l  s c a l e  f r o m  a  S a b a lo  w i th  



















































T h e  t e m p e r a t u r e  a n d  s a l i n i t y  d a ta  o b ta in e d  f r o m  th e  o p e r a t o r  o f  th e  
n e t  a n d  a l s o  c o l l e c t e d  b y  th e  s tu d y  t e a m  i s .  p r e s e n t e d  in  T a b le  1 .
A lth o u g h  th e  o t o s h i - a m i  w a s  in  o p e r a t i o n  f r o m  D e c e m b e r  to  l a t e  
J u n e  d u r in g  th e  1 9 7 3 /7 4  a n d  1 9 7 4 /7 5  f i s h in g  s e a s o n s ,  n o  s a b a l o  w a s  
c a u g h t  p r i o r  to  l a t e  A p r i l  1974 o r  e a r l y  M a r c h  1 9 7 5 . O f th e  106 
s p e c i m e n s  o b ta in e d  b y  th e  s tu d y  t e a m  d u r in g  1975  ( T a b le s  2 a n d  3) 
37 w e r e  f e m a le  in  v a r y i n g  s t a g e s  o f  g o n a d a l  d e v e lo p m e n t  o r  s p e n t ,  
a n d  69 w e r e  m a l e s  o f  w h ic h  41 w e r e  e i t h e r  s e x u a l ly  m a t u r e ,  o r  
p a r t i a l l y  s p e n t  w i th  f r e e l y  f lo w in g  m i l t .  F iv e  o r  m o r e  s c a l e s  f r o m  
e a c h  o f  th e  81 o f  th e  106 s a b a lo  o b ta in e d  f r o m  th e  M a g - a b a  o t o s h i - a m i  
c o n ta in e d  d i s t i n c t  s e t s  o f  d i s c o n t in u o u s  l i n e s .  T h e  a g e  o f  t h e s e  81 
f i s h  w e r e  e s t i m a t e d  to  b e  b e tw e e n  3 a n d  5 y e a r s .  F r o m  p r e l i m i n a r y  
o b s e r v a t i o n s ,  T a m p i  (1 9 5 7 )  s u g g e s t e d  t h a t  th e  a g e  o f  f e m a le  m i l k f i s h  
a t  f i r s t  m a t u r i t y  m a y  b e  b e tw e e n  4 a n d  5 y e a r s  a n d  L ia o  (1 9 7 1 )  
e s t i m a t e d  th e  a g e  o f  9 a d u l t  m i l k f i s h  c a u g h t  in  th e  c o l d e r  w a t e r s  
o f  T a iw a n , to  b e  b e tw e e n  5 a n d  7 y e a r s .
S e t s  o f  d i s c o n t in u o u s  l i n e s  w e r e  a b s e n t  f r o m  th e  s c a l e s  o b ta in e d  
f r o m  s e v e r a l  s ix  to  e ig h t  m o n th s  o ld  p o n d - r e a r e d  m i l k f i s h .  H o w e v e r ,  
tw o  s e t s  o f  d i s c o n t in u o u s  l i n e s  w e r e  p r e s e n t  in  th e  s c a l e s  o f  tw o  
2 - y e a r - o l d  f e m a le  f i s h  o b ta in e d  f r o m  th e  B u r e a u  o f  F i s h e r i e s  f i s h p o n d  
a t  N a u ja n ,  M in d o r o .  T h e s e  tw o  f i s h  w e ig h e d  1 .2  a n d  1 .5  k g  w i th  f o r k  
l e n g t h s  43 a n d  45  c m  a n d  t o t a l  l e n g t h s  53 a n d  57 c m  r e s p e c t i v e l y .  
H i s to l o g i c a l  e x a m i n a t i o n  o f  th e  o v a r i e s  f r o m  t h e s e  tw o  f i s h  s h o w e d  th e  
b e g in n in g  o f  o v a  d e v e lo p m e n t  w h ic h  i s  in  a g r e e m e n t  w i th  the f in d in g s  o f  
T a m p i  (1 9 5 7 ).
O v a r i e s  w i th  d e v e lo p in g  o v a  w e r e  l i g h t  y e l lo w  o r  p a le  o r a n g e  in  
c o lo r  w h i le  th e  o v a r i e s  f r o m  s p a w n e d  f i s h  w e r e  d a r k  r e d d i s h - b r o w n .  
T h e  t o t a l  n u m b e r  a n d  d i a m e t e r s  o f  o v a r i a n  e g g s  f r o m  M a g - a b a  S a m p le  6 2 
a n d  th e  2 s a m p l e s  f r o m  H a m tik  a r e  p r e s e n t e d  in  T a b le  4  t o g e t h e r  


















































R e f e r e n c e s
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T a b le  2 . F o rk  L e n g th , body w e ig h t, o v a ry  w e ig h t and 
e s t im a te d  age o f a d u lt  fe m a le  m i lk f is h
Date o f  
C a tch  & 
F is h  No.
F o rk  
L e n g th  
(cm )
F o rk  
W e ig h t 
(kg )
O v a ry  
We ig h t 
(gm )
G onada l 
D e v e lo p ­
m e n t
G onado- 
s o m a tic  
Index
E s t i ­
m a te d  
Age
M a y  10 /75
1 8 7 .5 7 .7 0 50 Spent 0 .6 5 -
2 7 6 .0 5 .3 2 40 " 0 .7 5 3
7 5 .0 5 .2 0 2 5 " 0 .4 8 3
7 7 9 .0 6 .5 0 60 " 0 .9 2 -
8 8 3 .5 6 .1 0 80 " 1 .31 -
9 75. 0 6 .4 5 20 " 0 .3 1 -
12 8 5 .5 7. 00 80 " 1 .14 4
13 7 2 . 5 5 .6 0 70 n 1.25 3
14 76. 0 5 .9 0 75 " 1.2 7 4
15 8 9 .4 6. 15 95 " 1 .54 -
16 81 .6 6 .8 0 90 n 1.32 4
18 8 1 .6 7 . 27 70 D e v e lo p in g 9 .3 2 4
19 7 7 .0
(8 5 .5 )
5 .7 5
(6 .2 8 )
95 Spent 1 .65 3
M a y  18 /75
24 8 4 .5 6 .3 7 190 Spent 2 .9 8 5
64 7 7 .3 6 .2 5 60 " 0 .1 6 3
76 78. 5 5 .8 0 66 t! 1 .1 4 4
78 7 6 .7 5 .8 0 59 " 1 .02 4
80 8 1 .0 6 .6 5 119 D e v e lo p in g 1 .79 4
83 7 4 .5 5 .1 5 48 Spent 0 .9 3 4
86 7 2 .8 5 .1 3 136 " 2 .6 5 -
87 7 6 .1  
(7 7 .7 )
6 .5 4  
(5 .9 6 )
50 " 0 .7 6 4
F ig u re s  in  p a re n th e s e s  re p re s e n t m e a n  le n g th  and body w e ig h t o f



















































T ab le  3 . F o rk  le n g th , bod y  w e ig h t, te s te s  w e ig h t and
e s t im a te d  age o f a d u lt  m a le  m i lk f is h
Date o f 
C a tch  & 
F is h  N o.
F o rk  
L e n g th  
(c m )
Body 
W e ig h t 
( k g )
T e s te s  
W e ig h t 
(gm )
G onada l 
D e v e lo p ­
m e n t
G onado- 
s o m a tic  
In d e x
E s t i ­
m a te d  
Age
M a y  10 /75
3 7 7 .0 5 .4 7 20 Spent 0 .3 6 3
5 7 8 .0 4 .5 0 10 " 0 .2 2 3
6 8 5 .0 4 . 57 10 " 0.2 2 -
10 7 5 .0 5 .3 5 20 " 0 .3 7 -
11 80. 5 5 .9 0 40 " 0 .6 8 -
17 7 6 .0
(7 8 .6 )
6 .2 0
(5 .3 3 )
50 " 0. 81 4
M a y  17 /75
20 8 3 .0 6 .3 5 80 Spent 1 . 26 -
M ay 18 /75
21 7 7 .0 6 .2 2 865 M a tu re 4 .2 6 3
22 7 6 .5 6 .5 2 315 M a tu re 4 .8 3 4
23 7 4 .0 4 . 95 105 M a tu re 2. 12 4
66 72 .2 4 .9 5 80 Spent 1 .62 -
77 80. 5 6. 00 20 Spent 0 .3 3
79 7 4 .6 4 .8 5 14 Spent 0 .2 9 4
81 7 4 .7 5 .5 5 20 Spent 0 .3 6 4
82 7 0 .5 4 . 10 8 Spent 0. 19 -
84 7 3 .9 5 .5 5 19 Spent 0 .3 4 4
85 7 5 .9
(7 5 .0 )
5 .7 0
(5 .4 4 )
81 Spent 0 .3 7 4
M a y  19 /75
25 85. 0 7. 15 230 M a tu re 3. 81 -
26 7 3 .5 6 . 15 99 Spent 1 .61 4
30 7 6 .5 6 . 25 250 M a tu re 4. 00 3
31 77. 5 
(7 8 .1 )
5 .7 5
(6 .3 3 )
60 Spent 1 .0 4 4
F ig u re s  in  p a re n th e s e s  re p re s e n t m e a n  le n g th  and body  w e ig h t o f



















































T a b le  3 . ( c o n t 'd . )
Date o f 
C a tch  & 
F is h  No.
F o rk  
L e n g th  
(cm )
B ody 
W e ig h t 
( k g )
T e s te s  
W e ig h t 
(gm )
G onada l 
D e v e lo p ­
m e n t
Go n a d o - 
s o m a tic  
In d e x
E s t i ­
m a te d  
A ge
M a y  2 4 /7 5
63 7 1 .1 5 .7 0 210 M a tu re 3 .6 8 3
65 7 4 .8
(7 3 .0 )
6 .7 0
(6 .2 0 )
410 M a tu re 6 .1 2 3
M a t 25 /75
69 7 3 .3 6 .8 1 345 M a tu re 5 .0 7 4
70 7 4 .2 6 .7 5 180 n 8 .6 7 4
71 7 2 .5 5 .5 0 130 n 2 .36 4
72 6 8 .7 4 .7 0 174 " 3 .7 0 4
73 7 4 .2 5 .8 5 237 n 4 .0 5 5
74 7 6 .2
(7 3 .2 )
6 .3 4
(5 .9 9 )
123 " 1 .94 4
M a y  26 /75
75 7 7 .0 7 .4 0 365 M a tu re 4 .9 3
M a y  2 8 /7 5
8 8 7 9 .1 6 .6 5 100 Spent 1 .50 4
89 7 2 .1 5 .6 5 300 M a tu re 5 .3 0 4
90 7 4 .9 5 .4 0 110 " 2. 04 4
92 7 5 .6 6 .2 3 230 " 3 .7 0 4
93 7 1 .2 5 .3 0 100 Spent 1 .80 4
94 7 8 .0
(7 5 .2 )
6 .6 0
(5 .9 7 )
110 M a tu re 1 .66 5
M a y  2 9 /7 5
95 7 1 .4 5 .1 0 127 M a tu re 2 .4 9 4
96 7 3 .2 5 .8 0 224 t! 3 . 86 4
97 7 5 .4 5 .9 3 290 " 4 .8 9 -
98 7 5 .0 5 .8 0 200 " 3 .4 5 4
99 7 7 .0
(7 4 .4 )
5 .4 0
(5 .6 0 )



















































T ab le  3 . ( c o n t 'd . )
Date o f 
C a tch  & 
F is h  No.
F o rk  
L e n g th  
(c m )
B ody 
W e ig h t 
(k g )
T e s te s  
W e ig h t 
(gm )
G onada l 
D e v e lo p ­
m e n t
G onado- 
s o m a tic  
In d e x
E s t i ­
m a te d  
Age
June 15 /75
103 7 2 .1 5 .8 5 3 26 M a tu re 5 .5 7 4
June 16 /75
104 7 7 .5 6 .6 0 28 0 M a tu re 4 .2 4 3
105 6 7 .4 4 .6 0 150 !t 3 .2 6 3
106 7 8 .0
(7 4 .3 )
5 .3 0
(5 .5 0 )



















































T a b le  4 .  F e c u n d i ty  a n d  s i z e  o f  m i l k f i s h  e g g s .
R e f e r e n c e
S a m p le  
N u m b e r
G o n a d o -  
s o m a t ic  
In d e x
N u m b e r  
o f  
E g g s
E g g  
D i a m e t e r  
(m m )
1. O v a r ia n  e g g s  in  l a t e  s t a g e s  o f m a t u r a t i o n :
 
S u n ie r  1 9 2 21, 2 5 , 700
R e i j n t j e s  19232 4 , 200
H e r r e  1 9 2 92 3 , 060
A d a m s  e t  a l  19321 3 , 000
T a m p i  1957 1 6 .9 2 , 118 0 .5  -  0 .8
2 8 .6 3 ,4 3 3 0 .5  -  0 .7
3 1 0 .3 4 ,8 9 6 0 .5  -  0 .8
L ia o  1971 2 1 1 .6 3 , 180 0 .9  x  1 .0
1 .3  x  1 .5
5 3 .3 1 ,3 1 9 0 .5  x  0 .6
8 2 4 .9 3 , 288 1 .1  x  1 .2
P r e s e n t  s tu d y 62 7 .7 113 0 .7
H a m tik 8 / 4 4 . 2 3 , 717 0 .6
8 /5 1 1 .5 3 ,9 6 8 0 .8
2 . E g g s  u n d e r g o in g  r e s o r p t i o n :
T a m p i  1957 0 .2
P r e s e n t  s tu d y 68 1 .5
3 .  F e r t i l i z e d  e g g s
D e l s m a n  1929 1 .2
1C i te d  b y  T a m p i  1957


















































W orking P ap e r No. 17
CAPTURE, TRANSPORT AND DOMESTICATION OF 
ADULT MILKFISH, CHANOS CHANOS*
by
W .E . V anstone, A .C . V illaluz, P .E .  Bombeo, and R .B . B elicano**
A b strac t
M ethods used  in the cap tu re , tra n sp o rt and dom estication  of 
adult m ilkfish  a re  d esc rib ed  and illu s tra te d .
Introduction
The d ifficu lties of dom estication  of adult m ilk fish , Chanos chanos, 
and the im portance  of overcom ing th is  obstacle  before achieving la rg e -  
sca le  spawning and fry  production fro m  captive an im a ls , have been 
docum ented (A non., 1974; Oceanic Foundation, 1975; and Schm ittou, 
1975). This p rob lem  was solved in Hawaii in 1975 (Madden et a l . ,  
1976 and has now been successfu lly  overcom e in the P h ilipp ines.
A descrip tion  of our m ethods of cap tu re , tra n s p o r t  and 
dom estication  of adult m ilk fish , locally  called  sabalo , fro m  the w ild, 
fo rm s the b asis  of th is  re p o rt.
M ethods and R esu lts
During the  p re sen t fish ing  season , N ovem ber, 1975 to  June, 1976, 
four o tosh i-am i w ere  in s ta lle d  along the northw est co ast of Antique 
P rov ince  (Kumagai et a l . , 1976). One of th ese  was loca ted  adjacent 
to  the lab o ra to ry  s ite  a t M ag-aba; one a t Bulanao, 10 km  w est of 
M ag-aba; one a t L ib ertad , 17 km  w est of M ag-aba, and one at B agaas, 
4 km  w est of L ib ertad . In addition, two fish  c o r ra ls  w ere  located  
a t H am tik, 135 km  south of M ag-aba. The o to sh i-am i and the type 
of fish  c o r ra l  in s ta lled  at H am tik have been d escrib ed  (M anacop, 1976).
*This w ork has been p a rtia lly  supported through a grant to  SEAFDEC 
by the In te rna tiona l D evelopm ent R esea rch  C en tre  under 
P ro je c t No. 3 -P -74-0146 .
**D r. Vanstone is  a sc ie n tis t with the SEAFDEC-IDRC M ilkfish P ro je c t. 
M r. V illaluz is  a re s e a rc h e r  and M e ss rs . Bombeo and Belicano 



















































A f te r  c a p tu re  in  an o to s h i-a m i o r  f is h  c o r r a l  (P la te s  1, 2, 3 
and 4) th e  sa b a lo  w e re  t r a n s fe r r e d  b y  la rg e  d ip  n e t,  in to  th e  h o ld in g -  
t r a n s p o r t  cage w h ic h  w a s  in  an u p r ig h t  p o s it io n  (p la te s  5 and 6 ). 
T h e  open d r a w - s t r in g  end o f th e  cage w as th e n  s e c u re d . T h e  f ra m e  
o f th e  10 ' x  5 ' ( 3 .5 m  x  1 .5 2 m  x  1 .5 2 m ) h o ld in g - t r a n s p o r t  cages 
(p la te  7) w as c o n s tru c te d  o f 2 "  (5 .0 8 c m ) P V C  p ipe  and f i t t in g s  w ith  
k n o tte d  1/ 2 "  o r  3 /4 "  (1 .2 7  o r  1 .9 c m ), s tre tc h  n y lo n  n e t t in g  and its  
buo yancy  c o u ld  be a d ju s te d  by  f i l l i n g  i t  w ith  w a te r  th ro u g h  a 
s to p p e re d  2 " (5 .0 8 c m ) , P V C  T e e .
A f t e r  th e  saba lo  w e re  in  th e  cage , the  cage w as ro ta te d  9 0 ° 
and la s h e d  to  th e  f ra m e  o f th e  o u t r ig g e r  o f th e  p u m pb oa t (p la te  6) 
and b ro u g h t c lo s e  to  th e  sh o re  a t a speed o f 1 .5  k n o ts .  I t  w as  th e n  
h a n d -c a r r ie d  to  w a te r  o f a p p ro x im a te ly  50 c m  deep.
W hen the  saba lo  c a tc h  w as in  th e  o to s h i-a m i a t M a g -a b a  th e  
cage w as b ro u g h t to  the  sh o re  n e a r  th e  la b o r a to ry  (p la te  9 ). One 
te a m  m e m b e r th e n  e n te re d  th e  cage c a r r y in g  a 1 .5  m  lo n g  p la s t ic  
bag m ade o f 0 .6  m m  p la s t ic  tu b in g  8 1 .3 c m  in  c ir c u m fe re n c e  k n o tte d  
a t one end (p la te  10). T h e  p la s t ic  bag w as th e n  f i l l e d  w ith  w a te r ,  th e  
f is h  gu ided  in to  i t  and th e  bag w ith  i t s  open end h e ld  s e c u re ly  c lo s e d , 
f lo a te d  o u t o f the  cage on a h a m m o c k  (p la te s  11 and 12). Tw o m en 
th e n  c a r r ie d  the  h a m m o c k  w h ile  a t h i r d  m an  k e p t th e  open end o f th e  
bag s e c u re ly  c lo s e d  (p la te s  13 and 14). T he  h a m m o c k  w as th e n  p la c e d  
b e s id e  th e  h o ld in g  ta n k . T h e  bag w ith  f is h  and w a te r  w as th e n  l i f t e d  
and passe d  to  tw o  m en  w a it in g  in s id e  th e  ta n k , w ho re le a s e d  th e  f is h  
(p la te s  15, 16, 17, 18 and 19).
W hen th e  saba lo  c a tc h  w as a t one o f th e  o th e r  3 s ite s ,  th e  f is h  
w a s  t r a n s fe r r e d  f r o m  th e  h o ld in g - t r a n s p o r t  cage to  a w a te r - p r o o f  canvas 
ta n k  on a p ic k -u p  t r u c k  (p la te  20). A  f lo w  o f oxygen  w as m a in ta in e d  
in  th e  ta n k  d u r in g  t r a n s p o r t  to  M a g -a b a , w h e re  th e  f is h  w as p la c e d  in  
a p la s t ic  bag w ith  w a te r  and t r a n s fe r r e d  to  the  e x p e r im e n ta l o r  h o ld in g  
ta n k .
T he  h o ld in g  f a c i l i t ie s  a t  th e  la b o r a to r y  s ite  c o n s is t  o f 2, 4 and 
12 m  d ia m e te r  ta n k s  1 .5  m  deep and  a la g o o n  o f w h ic h  abou t 0 .3  ha 
have  been fe n c e d  in .  T h e  ta n k s  a re  m o d if ie d  b a c k y a rd  s w im m in g  
p o o ls  fa b r ic a te d  f r o m  w a te r - p r o o f  canvas  w ith  one 4 "  (1 0 .1 6  c m ), 
d ra in  c e n te re d  in  the  b o tto m  and 2 "  (5 .0 8  cm ) o u t le ts ,  6 "  (1 5 .2 4  cm ) 
above th e  b o tto m , on each s id e  o f the  t a n k . *  T h e  ta n k s  w e re  s u p p lie d  
w ith  c o n tin u o u s ly  f lo w in g  w a te r  and a e ra t io n .  W a te r le v e ls  a re  
m a in ta in e d  a t 50 to  75 c m .




















































From. 3 N ovem ber 1975 to the p re sen t, 12 May 1976, a to ta l of 
259 sabalo  w ere  cap tu red  in the th re e  o tosh i-am i loca ted  a t B agaas, 
L ib ertad  and M ag-aba and the two fish  c o r ra ls  a t H am tik. No sabalo  
w ere  cap tu red  in the o to sh i-am i located  at Bulanao. The catch  s ta tis tic s  
toge ther with m ean weekly te m p e ra tu re s  of the w ater fro m  a depth of 
5m a t the M ag-aba o to sh i-am i a re  illu s tra te d  in  F ig . 1. S alin ities of 
the w a te r at 5m a t M ag-aba ranged  between 33.2 and 35‰  fro m  
1 D ecem ber 1975 to  12 May 1976.
W hile sabalo  w ere  cap tu red  occasionally  betw een N ovem ber and 
M arch they w ere  not cap tu red  in la rg e  num bers un til e a r ly  A pril at 
which tim e w ater te m p e ra tu re s  ro se  above 26 .5°C . This is  in a g re e ­
m ent w ith the findings of K uronum a and Y am ashita (1962) who showed 
tha t m ilkfish  fry  o ccu rred  in the co asta l w a te rs  of E as te rn  V ietnam  
only a fte r  the w ater te m p e ra tu re  ro se  above 27°C .
Of the 259 cap tu red  sab a lo, 100 w ere  re le a se d  fro m  the o tosh i- 
am i and 18 died during cap tu re  (Table 1). F ifteen  fish  w ere  badly 
in ju red  and descaled  during cap tu re , four of these  fish  died during t  
tru c k  tra n sp o rt and nine died la te r  during dom estica tion . No fish  
w ere  lo s t during cage tra n s p o r t  to  the sho re line . During the catch  at 
Bagaas on 6 May, 23 fish  w ere placed in the cage and tra n sp o rte d  in 
excellen t condition to the sh o re . On being c a r r ie d  into the shallow  
shore  w a te rs  the approaching  cage was g ree ted  by 100-125 cheering  
ch ild ren  and the fish  becam e excited . The ch ild ren  w ere  fasc ina ted  by 
the  excited  fish  and com m enced ry thm ic shouting; the fish  w ere  exam ined 
and placed in the holding tank . Two of th ese  fish  had broken jaw s, one 
had a ripped opercu lum , two had deep gashes in the top of th e ir  heads 
and ten  w ere  badly d esca led . T h irteen  of these  23 fish  died within th ree  
days of cap tu re .
D uring the f i r s t  tru c k  tra n s p o r t  on 27 M arch fro m  H am tik, diluted 
sea w ater (20‰  chilled  to  18°C was u sed . The two fish  being tra n sp o rte d  
died within half an hour of loading into the tank on the tru c k . On the 
next fish  tra n sp o rt fro m  H am tik on 4 A pril, d ilu ted sea w ater (25‰ ) 
chilled  to  24°C was used  and the tra n s p o r t  was su ccessfu l. D iluted sea 
w ater (18-26‰ ) with no chilling was used  in a ll tru ck  tra n s p o r ts  until 
15 A p ril. The te m p e ra tu re  of the w ater ranged between 29 and 32°C and 
th e re  w ere on m o rta lity . N on-diluted sea w ater (34‰ ) a t am bient 
te m p e ra tu re s  (29-32°C) was used  in the tru ck  tra n s p o r t  on 22 A pril and 
a ll subsequent tra n s p o r ts . T h ree  fish  w ere lo s t during the tru c k  t r a n s ­




















































































































































































T a b le  1. B a la n ce  shee t o f th e  259 a d u lt  m i lk f is h  c a p tu re d  in  the  
th re e  o to s h i-a m i lo c a te d  a t B agaas, L ib e r ta d  and M a g -  
aba and tw o  f is h  c o r r a ls  lo c a te d  a t H a m tik ,  A n tiq u e , 
f r o m  3 N o v e m b e r 1975 to  12 M a y  1976.
N u m b e r o f f is h
w h ic h  d ied
R e le a se d  
o r  s t i l l  
a l iv e  in  
ta n k s
E x p e r im e n ta l 
f is h  
t r a n s fe r r e d  
to  la g o o n
D ie d  d u r in g  c a p tu re 18 - -
R e le a se d  to  sea im m e d ia te ly  a f te r  
c a p tu re
100 -
D ie d  d u r in g  t ra n s p o r ta t io n  in  t r u c k 9 - -
B a d ly  in ju r e d  d u r in g  c a p tu re  and 
cage t r a n s p o r t 22 12
D o m e s t ic a t io n  e x p e r im e n ts  -  ta n ks 1 13 21
D o m e s t ic a tio n  e x p e r im e n ts  -  la g o o n 10* - 44 -  10
Spaw n ing e x p e r im e n ts 6 4 6
D o m e s tic a te d  f is h  re le a s e d  to  sea 
b y  ta g g in g  te a m - 3 -
71 -  10
66 132 61



















































T he  f i r s t  l iv e  sa b a lo  w as o b ta in e d  on 4 N o v e m b e r 1975 and due to  
la c k  o f f a c i l i t ie s  a t th a t  t im e  i t  w as re le a s e d  in to  th e  e n c lo s e d  p o r t io n  
o f the  la g o o n . T h is  o c c u r re d  d u r in g  th e  r a in y  season a t w h ic h  t im e  th e  
s a l in i ty  o f th e  to p  50 c m  w as 3 2 -3 4 ‰ . T h is  h a lo c in e  w as 
m a in ta in e d  th ro u g h o u t a l l  t id a l  ch a n g e s . S a lin ity  o f th e  la g o o n  had  been 
p re v io u s ly  d e te rm in e d  d a i ly  f o r  a w e e k  in  la te  June , 1975. A t  th a t  t im e  
th e re  had  been he a vy  r a in f a l l  and th e  s a l in i ty  o f th e  to p  50 -7 5  c m  ra n g e d  
f r o m  5 to  14‰  w h ile  th e  s a l in i ty  o f th e  w a te r  b e lo w  th is  ra n g e d  f r o m  
26 to  32‰ . T h is  f is h  e scap ed  f r o m  th e  la g o o n  in  m id - M a rc h .  The 
f is h  c a p tu re d  on 7 J a n u a ry  1976 w as p la c e d  in  a ta n k  c o n ta in in g  sea w a te r ,  
(34‰ ). T h is  f is h  deve lo p e d  th e  ty p ic a l opaqueness o f th e  t ra n s lu c e n t  
ad ipose  e y e c o v e r  ( r e fe r r e d  to  by  S c h u s te r [ 1960] as e y e lid )  and d ie d  11 
J a n u a ry . T w e n ty - th re e  o f th e  35 f is h  c a p tu re d  a f te r  th is  da te  fo r  
d o m e s t ic a tio n  in  th e  h o ld in g  ta n k s ,  w e re  m a in ta in e d  in  d i lu te d  sea w a te r ,  
1 8 -2 2 ‰ , fo r  10 -16  days a t w h ic h  t im e  th e  s a l in i ty  w as in c re a s e d  to  
34‰ . T he  a d ip o se  e y e c o v e r  o f these  f is h  beca m e  opaque 2 -3  days 
a f te r  c a p tu re , b u t th is  opaqueness d is a p p e a re d  a f te r  9 days in  c a p t iv i ty .  
T h e  f is h  w h ic h  d ie d  d u r in g  d o m e s t ic a t io n  by  th is  m e th o d  w e re  those  
in ju r e d  d u r in g  c a p tu re  and cage t r a n s p o r t  as d is c u s s e d  abo ve . T w e n ty -  
one o f t h e  35 f is h  in te n d e d  f o r  d o m e s t ic a t io n  w e re  c a p tu re d  on 4 and 6 
M ay  and w e re  p la c e d  in  th e  d o m e s t ic a t io n  ta n k s  u n t i l  8 M a y . T h e se  21 
f is h  w e re  th e n  t r a n s fe r r e d  to  th e  la g o o n  and t h e i r  fa te  is  n o t kn o w n , 
as d is c u s s e d  b e lo w .
A s  soon as th e i r  e y e c o v e r  c le a re d  th e  ta n k -d o m e s tic a te d  f is h  w e re  
o b s e rv e d  to  a c t iv e ly  fe e d  on d ia to m s  and p ro to z o a n s  fo rm in g  a s c u m  on 
th e  s u r fa c e  o f th e  w a te r .  L iv e  zo o p la n k to n  c o lle c te d  f r o m  th e  la g o o n  
w as th e n  added to  th e  ta n k  once d a i ly .  T hese  fe e d s  w e re  su p p le m e n te d  
3 w eeks  a f te r  c a p tu re  w ith  a tw ic e  d a i ly  fe e d in g  o f a m ix tu re  o f chopped 
f is h  and r ic e  b ra n  (300 g m  r ic e  b r a n / k i lo  chopped f is h ) .
D u r in g  A p r i l ,  th re e  f is h  w h ic h  had  been d o m e s tic a te d  in  th e  ta n k s  
w e re  dona ted  to  a ta g g in g  te a m  fo r  t h e ir  u s e . Due to  s h o rta g e  o f ta n k  
space , and because  o f th e  s u r v iv a l in  the  la g o o n  o f the  f is h  c a p tu re d  on 
4 N o v e m b e r, 6 f is h  f r o m  th e  spaw n ing  e x p e r im e n ts  o f 4 and 6 M a y , 21 
f is h  w h ic h  had  been in  20‰  w a te r  s in c e  4 and 6 M a y  and 44 n e w ly  
c a p tu re d  s a b a lo , w h ic h  w e re  b e lie v e d  to  be spaw ned ou t fe m a le s ,  w e re  
p la c e d  in  the  e n c lo se d  la g o o n  be tw een  6 and 12 o f M a y . T e n  o f th e se  
f is h  d ie d  be tw een 9 and 12 o f M a y  and m o re  have d ie d  s in c e . I t  w as 
d e te rm in e d  on 12 M a y  th a t  th e  w a te r  s a l in i ty  o f th e  la g o o n  ra n g e d  f r o m  
29‰  a t the  s u r fa c e  to  33‰  a t th e  b o tto m  and no  h a lo c lin e  w as 
p re s e n t.  T he  u n fo r tu n a te  lo s s  o f th e se  f is h  in  the la g o o n  r e c o n f ir m s  
th e  f in d in g s  o f in v e s t ig a to rs  in  H a w a ii and those  in v o lv e d  in  the  p re s e n t 
s tu d y  th a t  b ra c k is h w a te r  (1 5 -2 2 ‰ ) is  n e c e s s a ry  f o r  s u r v iv a l o f a d u lt  



















































B e tw een  15 A p r i l  and 6 M a y , 16 f is h  w e re  u sed  in  the  spaw n ing  
e x p e r im e n ts  re p o r te d  e ls e w h e re  (V ans tone  e t a l . ,  1976). S ix  o f these  
f is h  d ie d  o r  w e re  k i l le d  d u r in g  e x p e r im e n ta t io n  and 4 w e re  re tu rn e d  to  
th e  h o ld in g  ta n k s  w h e re  th e y  w e re  s u c c e s s fu lly  d o m e s tic a te d  and 6 w e re  
re le a s e d  in  the  la g o o n .
A c k n o w le d g m e n t
T h e  success  o f th is  and o th e r  m i lk f is h  s tu d ie s  co n d u c te d  a t M a g -a b a , 
P andan , A n tiq u e , c o u ld  n o t have  been a c h ie v e d  w ith o u t th e  c o o p e ra tio n  o f 
A t t y .  E n r iq u e  Z a ld iv a r  and  M r .  R ene L o re n z a n a , o p e ra to rs  of th e  fo u r  
o to s h i-a m i.  W e a re  in d e b te d  to  th e s e  g e n tle m e n  and a ls o  to  th e ir  
f is h e rm e n  f o r  t h e ir  a s s is ta n c e .
T h e  d e d ic a t io n  and u n t i r in g  a s s is ta n c e  o f o u r  c o lle a g u e s  a t Pandan 
S ta tio n  and a t th e  H a m t ik  S u b -S ta tio n  a re  a ckn o w le d g e d .
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E x p la n a tio n  o f P la te s
P la te s  1 -  4 : C a p tu re  o f s a b a lo  in  th e  o to s h i-a m i.
P la te s  5 and 6 : T r a n s fe r  o f s a b a lo  f r o m  the  o to s h i-a m i 
to  th e  t r a n s p o r t  cage .
P la te  7 : T he  sa b a lo  t r a n s p o r t  cage .
P la te  8 : A t ta c h m e n t o f t r a n s p o r t  cage w i th  saba lo  
to  o u t r ig g e r  o f p u m p b o a t.
P la te s  9 -  19 : T r a n s fe r  o f sa b a lo  f r o m  t r a n s p o r t  cage 
a t  th e  s h o re  to  the  h o ld in g  ta n k s .
P la te  20 : T ra n s p o r t  ta n k  on to  p ic k u p  t r u c k  used 



















































P la te  1



















































P la te  3



















































P la te  5



















































P la te  7



















































P la te  9



















































P la te  11



















































P la te  13



















































P la te  15



















































P la te  17



















































P la te  19


















































Working P ap e r No. 18
SPAWNING OF MILKFISH, CHANOS CHANOS, 
IN CAPTIVITY*
by
W .E . V anstone, A .C . V illaluz, and L .B . T iro , J r . **
A b stra c t
Newly cap tu red  m ilk fish  re le a se d  0 .8  m m  in d iam e te r non-hydrated  
eggs spontaneously in cap tiv ity . A fte r in jection  w ith p a r tia lly  pu rified  
salm on gonadotropin (SG-G100), 1 .2  m m  in d iam ete r hydrated eggs 
w ere  re le a se d . T hese eggs, how ever, w ere  not fe r ti l iz e d .
Introduction
The m ajo r in itia l objective of the SEAFDEC-IDRC M ilkfish 
(Chanos c h an o s) R ese a rch  P ro je c t is to en su re  an adequate and 
dependable supply of m ilk fish  seed , in addition to those co llected  fro m  
n a tu ra l so u rces , and to extend and s tab ilize  the period  of f ry  av a il­
ab ility  throughout the y e a r . This is to be m ainly  accom plished  by 
breeding  m ilk fish  in cap tiv ity  and by ra is in g  the  fry  fro m  the egg. 
A m ajo r obstac le  to  th is objective was the difficu lty  in cap turing  and 
dom esticating  adult m ilk fish  cap tu red  in the w ild . This p rob lem  has 
now been la rg e ly  solved (Madden et a l . , 1976; V anstone et a l . ,  1976) 
and inv estiga to rs  can now co n cen tra te  on developing techniques designed 
to  con tro l the rep roductive  cycle of this sp ec ie s .
The p re sen t re p o r t  is  based  on th re e  spawning experim ents th a t 
have been com pleted to date , 12 May 1976, during the  p re se n t fishing 
season , N ovem ber to June, 1975 along the Antique C oast of Panay 
Island, C en tra l P h ilip p in e s .
*This w ork has been p a rtia lly  supported through a g ra n t to SEAFDEC 
by the In te rna tiona l D evelopm ent R esearch  C entre  under P ro je c t 
No. 3 -P -76-0166 .
*D r. Vanstone is a sc ie n tis t  w ith the SEAFDEC-IDRC M ilkfish P ro je c t. 
M r. V illaluz is a  re s e a rc h e r  and M r. T iro  is a re s e a rc h  aide of 



















































M a t e r i a l s ,  M e th o d s  a n d  R e s u l t s
M e th o d s  o f  c a p t u r e ,  t r a n s p o r t  a n d  d o m e s t i c a t i o n  of a d u l t  m i l k f i s h  
o r  s a b a l o  t o g e t h e r  w i th  c a t c h  s t a t i s t i c s  a t  e a c h  o f th e  f iv e  c a p t u r e  s i t e s  
h a v e  b e e n  r e p o r t e d  e l s e w h e r e  ( V a n s to n e  e t  a l . ,  1 9 7 6 ) . O n  6 A p r i l  
1 9 7 6 , a  f e w  n o n - h y d r a t e d  e g g s  w e r e  fo u n d  in  t h e  s c r e e n e d  o u t f lo w  f r o m  
o n e  o f  th e  12 m  d i a m e t e r  h o ld in g  t a n k s  w h ic h  a t  t h a t  t i m e  c o n ta in e d  
t h r e e  s a b a l o  in  d i lu t e d  s e a  w a t e r  o f 20‰  s a l i n i t y  w i th  a  d a i l y  
t e m p e r a t u r e  r a n g e  o f 26  to  2 9 ° C .  T h e s e  a l m o s t  s p h e r i c a l  e g g s  
h a d  a  m e a n  d i a m e t e r  o f 0 .8 9  m m  ( r a n g e  0 . 8 0 - 1 . 0 7  m m )  a n d  w e r e  
f i l l e d  w i th  g r a n u l a t e d  y o lk  b u t  n o  o i l  g lo b u le s  ( P l a t e  1 ) . T h e  s a l i n i t y  
o f  t h e  w a t e r  in  th e  t a n k  w a s  t h e n  i n c r e a s e d  to  34‰  o v e r  t h e  n e x t  
12 h o u r s .  N o  f u r t h e r  e g g s  w e r e  o b s e r v e d .
E x p e r i m e n t  N o . 1:
E ig h t  f i s h  c a p t u r e d  a t  B a g a a s  o n  9 ( F i s h  9 / 4 ) ,  12 ( F i s h  1 2 /4 )  
a n d  15  A p r i l  ( F i s h  1 5 / 4 A - F )  w e r e  d i s t r i b u t e d  e q u a l l y  b e tw e e n  tw o  
4  m  d i a m e t e r  x  1 .5  m  h ig h  e x p e r i m e n t a l  t a n k s  c o n ta in in g  6 0 - 7 0  c m  
o f  t h e  20‰  d i lu t e d  s e a  w a t e r .  A t  1 6 3 0  h o u r s  o n  15 A p r i l ,  n o n -  
h y d r a t e d  e g g s  i d e n t i c a l  t o  t h o s e  o b t a in e d  o n  6 A p r i l ,  w e r e  d i s c o v e r e d  
in  o n e  o f  t h e  t a n k s  a n d  a t  1 7 0 0  h o u r s  s e m i - p u r i f i e d  c h u m  s a lm o n  
g o n a d o t r o p in  (S G -G 1 0 0 , p r e p a r e d  b y  B . C .  R e s e a r c h  C o u n c i l ,  V a n c o u v e r ,  
C a n a d a  a n d  a s s a y e d  o n  1 J u ly  1 974 ) w a s  i n j e c t e d  in to  t h e  d o r s a l  m u s ­
c u l a t u r e  2 - 3  c m  b e lo w  t h e  d o r s a l  f in  in  e a c h  o f  t h e  e ig h t  f i s h .  E a c h  
l a r g e  f i s h ,  w e ig h in g  a p p r o x i m a t e l y  7 to  8 k g , r e c e i v e d  3 m i  o f 
1 .0 %  N a C l  s o lu t i o n  c o n ta in in g  10 m g  S G - G 1 0 0 /m l  a n d  e a c h  s m a l l e r  
f i s h  o f a p p r o x i m a t e l y  6 t o  7 kg  r e c e i v e d  2 m l .  F o l lo w in g  i n j e c t i o n  
a l l  f i s h  w e r e  p l a c e d  in  a  s i n g l e  4  m  d i a m e t e r  t a n k .  T h e  f r e s h  w a t e r  
s u p p ly  w a s  t h e n  t u r n e d  o ff  a n d  th e  s a l i n i t y  i n c r e a s e d  to  3 4 ‰  o v e r  
t h e  n e x t  e ig h t  h o u r s .  B e g in n in g  a t  a p p r o x i m a t e l y  1900  h o u r s  th e  
f i s h  b e c a m e  v e r y  a c t i v e ,  s w im m in g  v e r y  f a s t ,  a n d  ju m p in g  a n d  
c i r c l i n g  e a c h  o t h e r .  A t  2 0 2 0  h o u r s  o n  15 A p r i l  1 9 7 6 , a  s e x u a l l y  
m a t u r e  m a l e  (N o . 1 5 /4 D  w e ig h in g  6 . 0  kg) w i th  f r e e l y  f lo w in g  m i l t  
k i l l e d  i t s e l f  b y  ju m p in g  a n d  h i t t in g  i t s  h e a d  on  h o r i z o n t a l  b a m b o o  
p o l e s  l o c a t e d  50 c m  a b o v e  th e  to p  o f th e  t a n k .  A t  2 1 3 0  h o u r s  a  
f e m a l e  (N o . 1 5 /4 A  w e ig h in g  6 . 7  kg) w i th  g o n a d s  a t  l a t e  s t a g e  I II , 
k i l l e d  i t s e l f  in  t h e  s a m e  m a n n e r .
A t  0 8 3 0  h o u r s  o n  16 A p r i l  th e  a b d o m e n s  o f f i s h  ( 1 5 / 4 / E  a n d  F )  
w e r e  o b s e r v e d  to  b e  c o n s i d e r a b l y  e n l a r g e d  a n d  a t  0 9 4 5  h o u r s  
h y d r a t e d  e g g s  w e r e  o b s e r v e d  in  t h e  t a n k .  T h e s e  e g g s  r a n g in g  in  
d i a m e t e r  f r o m  1 .0 7  to  1 .3 6  m m  a n d  w i th  a  m e a n  d i a m e t e r  o f 1 .1 8  m m  
( P l a t e  2) w e r e  s p h e r i c a l ,  w i th o u t  o i l  g lo b u le s  a n d  c o n ta in e d  y e l lo w  



















































P l a t e  1. N o n - h y d r a t e d  m i l k f i s h  e g g .



















































w e ig h e d  8 .5  k g  a n d  i t s  o v a r i e s  w e ig h in g  631  g w e r e  a t  l a t e  I I I  
s t a t e  o f d e v e lo p m e n t .  A t  1 7 0 0  h o u r s  f i s h  N o . 1 5 / 4 E  a p p e a r e d  t o  b e  
d y in g  a n d  w a s  t r a n s f e r r e d  to  a  s e c o n d  4  m  d i a m e t e r  t a n k  w h e r e  s h e  
d ie d  a t  1 9 0 0  h o u r s .  T h i s  f i s h  w e ig h e d  7 .8  k g  a n d  w a s  p a r t i a l l y  
s p a w n e d .  A t  1 8 3 0  h o u r s  th e  f o u r  r e m a in i n g  f i s h  in  t h e  e x p e r i m e n t a l  
t a n k  w e r e  a g a in  i n j e c t e d  w i th  2 o r  3 m l  S G -G 1 0 0 .
O n  18  A p r i l  a t  0 9 0 0  h o u r s  h y d r a t e d  e g g s ,  r a n g in g  in  d i a m e t e r  
f r o m  1 .0 5  to  1 .1 8  m m  ( m e a n  -  1 .1 1  m m ) ,  w e r e  fo u n d  in  th e  e x p e r i ­
m e n t a l  t a n k .  T h e  f o u r  f i s h  w e r e  t h e n  e x a m in e d  b u t  w e r e  k e p t  a l i v e  
b e c a u s e  o f  o u r  d e s i r e  t o  b u i ld  up  a  b r o o d  s t o c k  f o r  th e  1 9 7 7  s p a w n in g  
s e a s o n .  F i s h  n u m b e r s  9 /4 A ,  1 2 /4  a n d  1 5 /4 B  w e r e  a s s e s s e d  t o  b e  
s e x u a l l y  i m m a t u r e  m a l e s  o r  f e m a l e s  a n d  n u m b e r  1 5 / 4 / C w a s  a  s p a w n e d  
f e m a l e .  T h e s e  f o u r  f i s h  w e r e  t r a n s f e r r e d  to  th e  d o m e s t i c a t i o n  t a n k .
E x p e r i m e n t  N o . 2 :
D u r in g  t r a n s p o r t  o f  t h e  s a b a l o  c a t c h  f r o m  B a g a a s  o n  4  M a y , 
i t  w a s  o b s e r v e d  t h a t  f i s h  n u m b e r  4 / 5 A ,  w h ic h  h a d  r e c e i v e d  s e v e r a l  
b a d  h e a d  w o u n d s  d u r in g  c a p t u r e ,  r e l e a s e d  n o n - h y d r a t e d  e g g s  in  th e  
t r a n s f e r  c a g e  a t  1 4 3 0  h o u r s  a n d  a l s o  in  th e  t a n k  o n  th e  t r u c k  a t  
1 5 3 0  h o u r s .  T h is  f i s h  t o g e t h e r  w i t h  tw o  m a t u r e  m a l e s ,  n u m b e r  
4 / 5 B  a n d  C c a p t u r e d  a t  th e  s a m e  t i m e ,  w a s  p l a c e d  in  a  2 m  d i a m e t e r  
e x p e r i m e n t a l  t a n k  c o n ta in in g  w a t e r  a t  3 4 ‰  s a l i n i t y  a n d  3 0 ° C  a t  
1 6 0 0  h o u r s .  T h e  f e m a l e  f i s h  w a s  i n j e c t e d  w i th  5 m l  a n d  th e  m a l e s  
w i th  2 m l  S G -G 1 0 0  s o lu t i o n  a t  1 6 0 0  h o u r s  a n d  n o n - h y d r a t e d  e g g s  w e r e  
r e l e a s e d  in  t h e  t a n k  a t  2 0 0 0  h o u r s .  A t  2 3 3 0  h o u r s  t h e  s a m e  d a y  
h y d r a t e d  b u t  u n f e r t i l i z e d  e g g s  w e r e  d i s c o v e r e d  in  th e  t a n k .
T h i s  f i s h  d id  n o t  s p a w n  a g a in  a n d  d ie d  o n  6 M a y . W h e n  e x a m in e d ,  
i t  w a s  fo u n d  t h a t  t h e  f i s h  w a s  c o m p l e t e l y  s p e n t .
E x p e r i m e n t  N o . 3:
O n e  m a t u r e  m a l e  (N o . H A M  6 / 5 B) w a s  o b ta in e d  f r o m  H a m tik  
a n d  tw o  m a t u r e  m a l e s  (B A G  6 /5 N  a n d  T ) t o g e t h e r  w i th  a  f e m a l e  
(B A G  6 /5 S )  w h ic h  w a s  b e l i e v e d  to  b e  a t  o v a r i a n  s t a g e  H I w e r e  c a p t u r e d  
a t  B a g a a s  o n  6 M a y . T h e  m a l e s  w e r e  i n j e c t e d  w i th  1 m l  a n d  th e  
f e m a l e  w i th  3 m l  o f  S G -G 1 0 0  s o lu t i o n  w h e n  t r a n s f e r r e d  f r o m  th e  t r u c k  
t o  a  12 m  d i a m e t e r  h o ld in g  t a n k  c o n ta in in g  s e a  w a t e r  a t  3 4 ‰  a t  
3 0 ° C .  T h e  s a l i n i t y  o f  t h e  w a t e r  in  th e  t a n k  w a s  l o w e r e d  to  25‰  
o v e r  th e  n e x t  12 h o u r s .  O n  7 M a y  a n o th e r  s e x u a l l y  m a t u r e  m a l e  
(N o . 7 /5 )  c a p t u r e d  a t  B a g a a s ,  w a s  i n j e c t e d  w i th  1 m l  S G -G 1 0 0  s o lu t io n ,  



















































S G -G 1 0 0  s o lu t io n ,  a n d  p l a c e d  in  th e  s a m e  t a n k .  T h e  f e m a le  f i s h  w a s  
i n j e c t e d  w i th  5 m l  S G -G 1 0 0  s o l u t i o n  o n  8 M a y  a t  1600  h o u r s .  O n  
t h e  p o s s i b i l i t y  o f  o b ta in in g  o v u la te d  e g g s  th e  f e m a l e  f i s h  w a s  k i l l e d  
a t  1 1 0 0  h o u r s  o n  9 M a y . O n  e x a m i n a t i o n  i t  w a s  d i s c o v e r e d  t h a t  t h e  
o v a r y  c o n ta in e d  a  u n i f o r m l y  d i s t r i b u t e d  m i x t u r e  o f  I , I I  a n d  e a r l y  III  
s t a g e s  o f  o v a  ( P l a t e  3 ) .
R e f e r e n c e s
K u o , C - M . 1 9 7 4 . A  p r o c e d u r a l  g u id e  to  in d u c e  s p a w n in g  in  g r a y  
m u l l e t  (M u g il  c e p h a l u s  L . ) .  A q u a c u l t u r e ,  3 : 1 - 1 4 .
M a d d e n , W .D . ,  A . J .  T i e d e m a n  a n d  M . S u i s o .  1 9 7 6 . F i s h  c o l l e c t i o n  
a n d  f i e l d  w o r k .  In :  O c e a n ic  I n s t i t u t e ,  W a im a n a lo ,  H a w a i i ,  
A n n u a l  R e p o r t ,  1 9 7 5 : 2 2 - 2 4 .
V a n s to n e ,  W . E . ,  A . C .  V i l l a l u z ,  P . E .  B o m b e o  a n d  R . B .  B e l i c a n o .  
1 9 7 6 . C a p t u r e ,  t r a n s p o r t  a n d  d o m e s t i c a t i o n  o f a d u l t  m i l k f i s h ,  
C h a n o s  c h a n o s . I n t e r n a t i o n a l  M i lk f i s h  W o r k s h o p - C o n f e r e n c e ,  



















































P l a t e  3 . O v a r i a n  t i s s u e  f r o m  s e x u a l l y  d e v e lo p in g  m i l k f i s h  


















































W orking P ap er No. 19
QUALITATIVE ANALYSIS OF THE CONTENTS 
OF THE ANTERIOR PORTION OF THE OESOPHAGUS 
FROM ADULT MILKFISH, CHANOS CHANOS, 
CAPTURED IN PANDAN BAY FROM 10 MAY-JUNE 1975*
by
A. C. V illaluz, L. B. T iro  
L. M. Ver and W. E. Vanstone**
A b strac t
Q ualitative ana ly sis  of food item s in the a n te rio r  s p ira l  portion  of the 
oesophagus suggests that adult m ilk fish  feed on both benthic and planktonic 
m a te r ia ls .
Introduction
The little  tha t is known of the food of m ilk fish  in the wild has been 
rep o rted  by Sunier (1922), R eijn tjes and Schuster (unpublished re p o rt 
c ited  by S chuster, 1949) and S chuster (1949) in Java and by Chacko (1949) 
in the Gulf of M annar and Tam pi (1958) a lso  in Southern India. O thers 
a re  of the opinion tha t m ilk fish  in the sea a re  benthic fe e d e rs . While 
Chacko concluded tha t the m ilk fish  a re  plankton feed ers , S chuster (1960) 
has suggested tha t m ilk fish  a re  facultative feed e rs .
Bridge and B oulanger (1910) has d esc rib ed  the a lim en ta ry  t r a c t  of 
m ilkfish , Chanos chanos, as follows: "The oesophagus, before  m aking a 
re a l  U-shaped bend in the g izzard  section , follows a com plete S -shaped 
curve . The in te rio r  su rface  of th is  p a r t  of the oesophagus d isp lays 
p a ra lle l sp ira l folds w ith a g re a t num ber of backw ard d irec ted  pap illae . 
The low er p a r t  of the oesophagus is equipped w ith longitudinal folds, 
dwindling a t the beginning of the g izzard , the so -ca lled  's to m ach ' of 
C hanos."
*This w ork has been p a rtia lly  supported through a g ran t to SEAFDEC by 
the In ternational D evelopm ent R esearch  C entre  under P ro je c t No. 
3 -P -74-0146 .
*M r. V illaluz is a re s e a rc h e r , while M essrs . T iro  and V er a re  re s e a rc h  
aide and f ish e rie s  technician , respec tive ly , of the SEAFDEC 
A quaculture D epartm ent and D r. W. E. Vanstone is a S c ien tis t w ith



















































A  q u a l i t a t i v e  a n a l y s i s  o f  t h e  c o n t e n t s  o f  t h e  a n t e r i o r  s p i r a l  p o r t i o n  
o f  t h e  o e s o p h a g u s  f r o m  9 6  o f  t h e  a d u l t  m i l k f i s h  c a p t u r e d  i n  P a n d a n  B a y  
b e t w e e n  1 0  M a y  a n d  1 6  J u n e ,  1 9 7 5 ,  a s  r e p o r t e d  b y  T i r o  e t  a l .  1 9 7 6 .  
f o r m s  t h e  b a s i s  o f  t h i s  r e p o r t .
M a t e r i a l s  a n d  M e t h o d s
T h e  m e t h o d s  u s e d  i n  o b t a i n i n g  a n d  p r o c e s s i n g  a d u l t  m i l k f i s h  c a p t u r e d  
i n  t h e  o t o s h i - a m i  l o c a t e d  a t  M a g - a b a ,  P a n d a n  d u r i n g  t h e  1 9 7 4 - 7 5  f i s h i n g  
s e a s o n  h a s  b e e n  r e p o r t e d  b y  T i r o  e t  a l  1 9 7 6 .  F o l l o w i n g  d i s s e c t i o n  o f  
t h e s e  f i s h  t h e  s p i r a l  p o r t i o n  o f  t h e  o e s o p h a g u s  w a s  p r e s e r v e d  i n  1 0 %  
s e a w a t e r  f o r m a l i n  a n d  t h e  c o n t e n t s  a n a l y z e d  a t  a  l a t e r  d a t e .  F o r  a n a l y s i s  
t h e  s p i r a l  p o r t i o n  o f  t h e  o e s o p h a g u s  w a s  c u t  l e n g t h w i s e  a n d  t h e  c o n t e n t s  
r i n s e d  i n t o  a  s p e c i m e n  b o t t l e  w i t h  d i s t i l l e d  w a t e r .  A f t e r  s e t t l i n g ,  t h e  
f o o d  p a r t i c l e s  w e r e  r e m o v e d  b y  p i p e t  a n d  p l a c e d  o n  a  m i c r o s c o p e  s l i d e  
w h e r e  t i p s  o f  t h e  p a p i l l a e ,  w h i c h  h a d  b e e n  c u t  f r o m  t h e  o e s o p h a g u s ,  w e r e  
r e m o v e d .  T h e  p a r t i c l e s  w e r e  t h e n  c o v e r e d  w i t h  a  c o v e r  g l a s s  a n d  
e x a m i n e d .  T h e  d i f f e r e n t  f o o d  i t e m s  f o u n d  i n  t h e  o e s o p h a g u s  w e r e  t h e n  
i d e n t i f i e d  ( E s g u e r r a ,  1 9 5 1  R a y m o n t ,  1 9 6 3  D a w s o n ,  1 9 6 6  S h i r o t a ,  1 9 6 6  
Y a m a j i ,  1 9 6 6  a n d  B a r n e s ,  1 9 6 8 )  a n d  c l a s s i f i e d  i n t o  f o u r  g r o u p s :  d i a t o m s ,  
a n i m a l  f o r m s ,  a l g a e  a n d  o t h e r  i t e m s .
R e s u l t s  a n d  D i s c u s s i o n
T h e  c o n t e n t s  o f  t h e  o e s o p h a g u s  f r o m  t h e  9 6  s p e c i m e n s  e x a m i n e d ,  
c o n s i s t e d  o f  b o t h  b e n t h i c  a n d  p l a n k t o n i c  m a t e r i a l s  a s  s u m m a r i z e d  i n  



















































T a b le  I . O e s o p h a g u s  c o n t e n t s  f r o m  9 6  a d u l t  m i l k f i s h  c a p t u r e d  i n  P a n d a n  
B a y  f r o m  1 0  M a y - 1 6 J u n e  1 9 7 5 .
F o o d  I t e m s
N u m b e r  o f  s p e c im e n s  
c o n t a i n i n g  e a c h  i t e m
P e r c e n t a g e  o f  s p e c im e n s  
c o n t a i n i n g  e a c h  i t e m
D i a t o m s
N i t z c h i a ,  T h a l l a s i o t h r i x , 
F r a g i l l a r i a ,  R h i z o s o l e n ia ,  
C o s c i n o d i s c u s ,  D e r a t i u m ,  
N a v i c u l a ,  C h a e t o c e r o s ,  
E u c a m p ia ,  D i t y l u m ,  
M e l o s i r a ,  B i d d u l p h ia
A n i m a l  F o r m s
V o r t i c e l l i d 1 1 . 0
S a r c o d in a n 1 1 . 0
F o r a m i n i f i r a n 1 1 . 0
C i l i o p h o r a n 2 2 . 1
E c h i n o d e r m  l a r v a e 1 1 . 0
C l a d o c e r a n 1 1 . 0
C o p e p o d s 8 3 8 6 . 5
C r u s t a c e a n  e g g s  a n d  e g g  c a s e s 9 9 . 2
C r u s t a c e a n  n a u p l i i 2 2 . 1
C r u s t a c e a n  z o e a 4 4 .  2
C r u s t a c e a n  j u v e n i l e 1 1 . 0
C r u s t a c e a n  s h e l l  a n d  a p p e n d a g e 4 4 .  2
F i s h  e g g s 1 4 1 4 . 6
F i s h  l a r v a e 5 5 . 2
A l g a e 71 7 4 . 0
C h lo r o p h y t e s 3 9 4 0 . 6
C y a n o p h y t e s 3 7 3 8 . 5
R h o d o p h y t e s 2 8 2 9 . 0
O t h e r  I t e m s
D e t r i t u s 7 0 7 2 . 9
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W orking P ap e r No. 20
PRELIMINARY OBSERVATION ON THE NUMBER OF VERTEBRA 
IN MILKFISH, Chanos chanos (F o rskal)
by
T etsush i S en ta  and Shigeru Kumagai*
A b strac t
The ex istence  of ra c e s  a n d /o r subpopulation in m ilkfish , a 
widely d is trib u ted  species, is  suggested by m any w o rk e r s . C om parison 
of m ean num bers of v e rte b ra e  is  one of the usefu l m ethod of distinguishing 
subpopulations. The p re sen t paper re p o rts  the re su lts  of p re lim in a ry  
stud ies m ade on the v e r te b ra l counts of m ilk fish  fry  collected  from  
sev e ra l a re a s .  The re su lts  obtained, though not conclusive, suggest the 
scope for fu r th e r  study in the line .
Introduction
The m ilkfish  h as  a wide d is tribu tion  extending from  the e a s t 
coast of A frica  through the Southeast A sian w a te rs  to the Southwest 
co ast of United S tates and M exico. The ex istence  of subpopulations 
in such a widely d is trib u ted  species cannot be ru led  out. It is  a lso  
rep o rted  that in the Southern Philipp ines, a s  w ell a s  in Indonesia, 
the re  a re  two peaks in fry  season while in  the o ther reg ions, m ilk fish  
has only one spawning season . These in fo rm atio n  suggest the 
possib ility  of having m ore  than one race  in m ilk fish .
Since com parison  of the m ean num bers  of verteb rae  is  often usefu l in 
distinguishing subpopulations, the p re se n t study w as taken up w ith a 
view to determ ine subpopulation, if any. The data accum ulated  so 
fa r  a re  v e ry  lim ited . The au th o rs , how ever, intend to p re sen t th is  
paper to the M ilkfish W orkshop Conference to stim ulate  in te re s t  in 
w o rk e rs  on th is  im portan t asp ec t of m ilk fish  study.
M a te ria ls  and M ethods
As a p re p a ra to ry  step, study w as m ade to find out the p ro g re ss  
of oosification in the v e rte b ra e  of d ifferen t s izes  of m ilk fish  la rv a e .
*D r. Senta is  a techn ica l a d v ise r  to SEAFDEC A quacu ltu re  D epartm ent, 
sent by Japan In ternational C ooperation Agency (JICA) for a period  
of th ree  m onths, from  M arch  15 to June 14, 1976, and M r. Kumagai 



















































A  f e w  l a r v a e  c o l l e c t e d  a t  P a n d a n ,  A n t i q u e  P r o v i n c e ,  P h i l i p p i n e s ,  d u r i n g  
1 9 7 5  w e r e  s t a i n e d  w i t h  a l i z a r i n  r e d .  I t  w a s  o b s e r v e d  t h a t  t h e  c a l c i f i e d  
v e r t e b r a e  a l o n e  h a d  t a k e n  t h e  d y e .
I n  a  l a r v a  o f  8 . 6  m m  i n  t o t a l  l e n g t h ,  o n l y  t h e  d o r s a l  h a l f  o f  t h e  
u r o s t y l e  ( t h e  l a s t  v e r t e b r a )  w a s  w e l l  d y e d ,  a n d  t h e  t h i r d  t o  t h e  1 8 t h  
v e r t e b r a e  w e r e  o n l y  p a r t i a l l y  d y e d  w h i l e  t h e  r e s t  d i d  n o t  t a k e  t h e  d y e  
a t  a l l .  C a l c i f i c a t i o n  o f  v e r t e b r a e ,  h o w e v e r ,  h a s  p r o g r e s s e d  i n  a  l a r v a  
o f  1 0 . 2  m m  i n  t o t a l  l e n g t h ,  a n d  a l l  v e r t e b r a e  e x c e p t i n g  t h r e e  a n t e r i o r  
t o  t h e  p r e c e d i n g  u r o s t y l e  w e r e  w e l l  d y e d .  I n  l a r v a e  o f  1 1  m m  i n  
t o t a l  l e n g t h ,  a l l  t h e  v e r t e b r a e  t o o k  t h e  d y e  w e l l  a n d  t h e  n u m b e r  o f  
v e r t e b r a e  c o u l d  b e  c o u n t e d  a c c u r a t e l y ,  a l t h o u g h  t h e  n e u r a l  a n d  h e m a l  
s p i n e s  d i d  n o t  a p p e a r  o n  t h e  c e n t r u m  o f  t h i s  s t a g e .  N e u r a l  a n d  h e m a l  
s p i n e s  s t a r t  d e v e l o p i n g  i n  a b o u t  1 5  m m  l o n g  l a r v a e ,  a t  f i r s t  o n  t h e  
p o s t e r i o r  v e r t e b r a e ,  a n d  a d v a n c e  a n t e r i o r l y  a s  t h e  f i s h  g r o w s .
T h e  a b o v e  f i n d i n g s  c o n f i r m e d  t h a t  t h e  d y e  c o u l d  b e  e f f e c t i v e l y  
u s e d  f o r  t h e  s t u d y  s i n c e  t o t a l  l e n g t h  o f  l a r v a e  c a u g h t  b y  f r y  c o l l e c t o r s  
i n  t h e  b e a c h ,  u s u a l l y  r a n g e  f r o m  1 0  t o  1 5  m m  a n d  a r e  o l d  e n o u g h  f o r  
t h e  s t u d y  o f  v e r t e b r a l  n u m b e r .
T h e  m a t e r i a l s  f o r  t h e  s t u d y  w e r e  c o l l e c t e d  f r o m  t h r e e  d i f f e r e n t  
s t a t i o n s :  S t a t i o n  I : 1 8 8  f r y  ( 1 1 . 2 - 1 4 . 0  m m  i n  t o t a l  l e n g t h )  w e r e  c a u g h t  
b y  a  f r y  c o l l e c t o r  a l o n g  T i g b a u a n  b e a c h  o n  t h e  s o u t h e r n  c o a s t  o f  P a n a y  
I s l a n d ,  P h i l i p p i n e s ,  o n  A p r i l  2 1 ,  1 9 7 6 ;  S t a t i o n  I I :  2 7 9  f r y  ( 1 0 . 1 - 1 5 . 0  m m  
i n  t o t a l  l e n g t h )  w e r e  c o l l e c t e d  b y  t h e  s t a f f  o f  H a m t i k  S u b s t a t i o n ,  
S E A F D E C  A q u a c u l t u r e  D e p a r t m e n t ,  i n  H a m t i k  s h o r e l i n e  o n  t h e  s o u t h w e s t  
c o a s t  o f  P a n a y  I s l a n d ,  d u r i n g  M a r c h  2 9  t o  A p r i l  2 4 ,  1 9 7 6  a n d  S t a t i o n  I I I :  
4 1  f r y  ( 1 5 . 0 - 2 8 . 0  m m  i n  t o t a l  l e n g t h )  w e r e  o b t a i n e d  f r o m  T a i w a n  
t h r o u g h  t h e  c o u r t e s y  o f  D r .  I - C h i u  L i a o  o f  T u n g k a n g  M a r i n e  L a b o r a t o r y ,  
T a i w a n  F i s h e r i e s  R e s e a r c h  I n s t i t u t e ,  o n  M a r c h  3 0 ,  1 9 7 6 .
T h e  f r y  w e r e  d y e d  w i t h  a l i z a r i n  r e d ,  a n d  m a d e  t r a n s p a r e n t  b y  
f o l l o w i n g  H o l l i s t e r ' s  m e t h o d  ( H o l l i s t e r ,  1 9 3 4 ) .
R e s u l t s  a n d  D i s c u s s i o n
T a b l e  1 s u m m a r i z e s  t h e  r e s u l t s  o f  t h e  s t u d y  g i v i n g  t h e  n u m b e r  o f  
v e r t e b r a e  p r e s e n t  i n  s p e c i m e n s  c o l l e c t e d  f r o m  t h r e e  d i f f e r e n t  s t a t i o n s  



















































T a b l e  1 .  N u m b e r  o f  v e r t e b r a e  p r e s e n t  i n  m i l k f i s h  f r y  
c o l l e c t e d  f r o m  t h r e e  d i f f e r e n t  s t a t i o n s .
N u m b e r  o f  v e r t e b r a e
S t a t i o n s
T i g b a u a n  
( I )
H a m t i k  
( I I )
T a i w a n  





4 1 -- 4 - -
4 2 2 3 2
4 3 1 0 0 1 4 5 1 9
4 4 8 6 1 1 9 2 0
4 5 - - 7 - -
T o t a l  n u m b e r  o f  s p e c i m e n s 1 8 8 2 7 9 4 1
M e a n  o f  v e r t e b r a l  n u m b e r 4 3 . 4 4 7 4 3 . 4 2 7 4 3 . 4 3 9
V a r i a n c e 0 . 2 6 8 4 0 . 4 4 6 5 0 . 3 5 2 5
S t a n d a r d  d e v i a t i o n 0 . 5 1 8 1 0 . 6 6 8 2 0 . 5 9 3 7
S t a n d a r d  e r r o r 0 . 0 3 7 8 0 . 0 4 0 0 0 . 0 9 2 7
T h e  m a j o r i t y  o f  t h e  s p e c i m e n s  f r o m  e a c h  s t a t i o n  h a d  e i t h e r  
4 3  o r  4 4  v e r t e b r a e .  T h e  h i g h e s t  v a l u e  o f  t h e  m e a n  o f  t h e  v e r t e b r a l  
n u m b e r  w a s  4 3 . 4 4 7 ,  o b s e r v e d  i n  t h e  T i g b a u a n  s p e c i m e n s ,  a n d  t h e  
l o w e s t  v a l u e  o f  4 3 . 4 2 7 ,  i n  t h e  H a m t i k  s p e c i m e n s .  T h e  d i f f e r e n c e  i n  
t h e  m e a n s  o f  v e r t e b r a l  n u m b e r s  i n  t h e  s p e c i m e n s  f r o m  t h e  t h r e e  s t a t i o n s ,  
i s  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  H o w e v e r ,  t h e  n u m b e r  o f  v e r t e b r a e  i n  t h e  
H a m t i k  s p e c i m e n s  h a d  a  g r e a t e r  r a n g e  ( 4 0 - 4 5 )  w h i l e  t h a t  i n  t h e  T i g b a u a n  
a n d  T a i w a n  s p e c i m e n s  w e r e  s m a l l e r  ( 4 2  t o  4 4 ) .  F r o m  t h i s  m e a g e r  
d a t a ,  i t  w i l l  n o t  b e  j u s t i f i e d  t o  c o n c l u d e  t h a t  t h e  n u m b e r  o f  v e r t e b r a e  
i n  t h e  H a m t i k  f r y  i s  m o r e  v a r i a b l e  t h a n  t h e  o t h e r s . W e  n e e d  m u c h  
m o r e  d a t a  f o r  c o n f i r m a t i o n
T a b l e  2  s h o w s  t h e  n u m b e r  o f  v e r t e b r a e  o f  m i l k f i s h  r e p o r t e d  



















































T a b l e  2 .  N u m b e r  o f  v e r t e b r a e  i n  m i l k f i s h  r e p o r t e d  
f r o m  s e v e r a l  l o c a l i t i e s  b y  v a r i o u s  a u t h o r s .
L o c a l i t y A u t h o r N u m b e r  o f  v e r t e b r a e
I n d i a G u n t h e r ,  1 8 6 8 4 4
I n d o n e s i a S u n i e r ,  1 9 2 2 4 4 - 4 5
I n d o n e s i a D e l s m a n ,  1 9 2 3 4 3
P h i l i p p i n e  s H e r r e  &  M e n d o z a ,  1 9 2 9 4 6
H a w a i i J o r d a n  & E v e r m a n n ,  1 9 0 5 4 5
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  v e r t e b r a l  n u m b e r s  r e p o r t e d  b y  s o m e  
a u t h o r s  ( J o r d a n  a n d  E v e r m a n n ,  1 9 0 5 ;  S u n i e r ,  1 9 2 2 ;  H e r r e  a n d  M e n d o z a  
1 9 2 9 )  a r e  r a t h e r  h i g h  c o m p a r e d  t o  t h o s e  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y .  
A  d e t a i l e d  s t u d y  b a s e d  o n  l a r g e r  n u m b e r  o f  s p e c i m e n s  f r o m  r e m o t e  a r e a s  
o f  v a r i e d  e c o l o g i c a l  a n d  e n v i r o n m e n t a l  c o n d i t i o n s  m a y  t h r o w  s o m e  l i g h t  
o n  t h e  e x i s t e n c e  o f  s u b p o p u l a t i o n s  o f  m i l k f i s h .
R e f e r e n c e s
D e l s m a n ,  H .  C .  1 9 2 3 .  F i s h  e g g s  a n d  l a r v a e  f r o m  t h e  J a v a  S e a .  
2 .  C h i r o c e n t r u s  d o r a b  ( F o r s k . )  T r e u b i a ,  3 . 3 8 - 4 6
G u n t h e r ,  A .  1 8 6 8 .  C a t a l o g u e  o f  t h e  f i s h e s  i n  t h e  B r i t i s h  M u s e u m ,  
v o l .  3 .  A d l a r d ,  L o n d o n .
H e r r e ,  A .  W .  a n d  J .  M e n d o z a .  1 9 2 9 .  B a n g o s  c u l t u r e  i n  t h e  
P h i l i p p i n e  I s l a n d s .  P h i l .  J .  S c . ,  3 8 : 4 5 1 - 5 0 9
H o l l i s t e r ,  G .  1 9 3 4 .  C l e a r i n g  a n d  d y e i n g  f i s h  f o r  b o n e  s t u d y .  
Z o o l o g i c a ,  1 2 : 8 9 - 1 0 1 .
J o r d a n ,  D .  S .  a n d  B .  W .  E v e r m a n n .  1 9 0 5 .  T h e  s h o r e  f i s h e s .  
A s  P a r t  I  o f  t h e  " T h e  a q u a t i c  r e s o u r c e s  o f  t h e  H a w a i i a n  
I s l a n d s " .  B u l l .  U . S .  F i s h  C o m m i s s i o n  f o r  1 9 0 3 .  
v o l .  2 3 .
S u n i e r ,  A .  L .  J .  1 9 2 2 .  C o n t r i b u t i o n  t o  t h e  k n o w l e d g e  o f  t h e  
n a t u r a l  h i s t o r y  o f  t h e  m a r i n e  f i s h p o n d s  o f  B a t a v i a .  T r e u b i a ,  


















































INTERNATIONAL MILKFISH WORKSHOP-CONFERENCE 
Tigbauan, Iloilo, Philippines 
May 19-22, 1976
CONFERENCE CALENDAR
A. C onference Organization
1. O verall P ro g ra m
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w ith the Conference C alendar in the o rd e r  p resen ted , the tim e 
allo tm en ts for each  Session  w ill be flexible , depending upon the 
im portance , num ber of papers subm itted  and other data that 
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Discussion Leader -  Dr. Robert May
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Session V: P arasites , Diseases and Physiological S tress
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Rapporteur  - D r .  Colin Nash
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ULTRASONIC TRACKING OF MILKFISH 
IN THE PHILIPPINES*
ULTRASONIC TRACKING OF MILKFISH IN PHILIPPINES 
STOP OBJECTIVE OF SEAFDEC - TO LOCALIZE SPAWNING 
GROUND OF MILKFISH IN PHILIPPINES COASTAL V/ATERS 
USING ULTRASONIC TRACKING TECHNIQUE STOP OBJECTIVES 
CANADIAN TEAM: (1) TO DETERMINE FEASIBILITY OF USING 
SONIC TRACKING TECHNIQUES TO FOLLOW MOVEMENT OF 
MILKFISH IN COASTAL WATER DURING SPAWNING PERIODS; 
(2) TO TEACH THIS TECHNIQUE TO A NUMBER OF FILIPINO 
BIOLOGIST AND TECHNICIANS STOP FINDINGS - SUCCESSFULLY 
TRACKED MILKFISH RESPECTIVELY FOR ONE 34 AND 24 HOURS 
FOR A TOTAL DISTANCE OF 29 KMS. STOP ALL FISH WERE 
CAUGHT IN TRAPS AT TIGBAUAN HAMTIC AND PANDAN STOP 
TAGS OF 73KHZ WERE USED FOR FIRST 3 FISH AND 50KHZ FOR 
24 HOURS TRACK STOP PULSE GRADES RANGE FROM TWO T O 
FOUR PULSES PER SECOND STOP RECEPTION RANGE UNDER 
TEST CONDITIONS FOR 73KHZ STOP WAS ABOUT 500 METERS 
VERY EARLY MORNING REDUCING TO 250 METERS BY NOON 
STOP 50KHZ TAG HAD ABOUT 50 TO 100 PE R  CENT MORE 
RANGE STOP TAGS WERE ATTACHED BY FISH HOOK TO BASE
*Cabled R eport by G root B iological Station Nanaim o 



















































OF ANAL FIN WHILE FISH WAS HELD IN A PLASTIC TUBE 
FILLED WITH SEA WATER STOP TRACKING WAS PERFORMED 
FROM BOAT SEAFDEC USING HYDROPHONES AND SONIC 
RECEIVERS BOTH POSITIONS WERE PLOTTED EVERY HALF 
HOUR BY RADAR STOP FISH WERE RELEASED ABOUT TWO 
KMS OFF SHORE AND ALL HEADED FOR SHORE SOON AFTER 
RELEASED STOP ALL RECORDED MOVEMENT OCCURRED 
PARALLEL TO SHORE LINE BETWEEN ONE TO TWO KMS 
FROM SHORE STOP SWIMMING SPEED DURING FIRST HOUR 
AFTER RELEASE WAS ABOUT TWO KMS PER HOUR AVERAGE 
SPEED THEREAFTER VARIED FROM ONE TO TWO KMS PER 
HOUR WITH MAXIMUM SPEED OF SIX KMS PER HOUR STOP 
FISH OFTEN SLOW DOWN AND HELD IN ONE POSITION FOR 
LONG PERIOD STOP DISTANCE BETWEEN BOAT AND FISH WAS 
ESTIMATED AT 150 TO 200 METERS FOR 73KHZ TAGS AND 200 
TO 300M STOP PROBLEMS MILKFISH TEND TO SOUND AFTER 
RELEASE STOP HYDROPHONE MUST BE ABLE TO PAN AND TILT 
STOP BIOLOGICAL SOUND IN 73KHZ RANGE CREATES LISTENING 
PROBLEMS CLOSE TO SHORE STOP PROPELLER AND SHAFT 
NOISE WITH PULSE RATES SIMILAR TO TAG CREATE PROBLEMS 
AT 73KHZ RANGE STOP WARNING OF SERVICE WATERS WHICH 
RISING SUN REDUCE RATE OF TAG CONSIDERABLE METERS FOR 
60KHZ STOP CONCLUSION AND RECOMMENDATION THAT 



















































SONIC TRACKING TECHNIQUE STOP 50KHZ TAG IS PREFERRED 
OVER 73KHZ STOP HYDROPHONE MUST BE ABLE TO PAN AND 
TILT TO FOLLOW SOUNDING THE FISH STOP BOTH SHOULD BE 
A SHALLOW DRAFT CHRISCRAFT TYPE CRUISER OF 40 TO 50 
FEET WITH TWIN DIESEL WESTMAR SONAR SS150 OR 200 TO 
OPERATE HYDROPHONE DEPTH SOUNDER RADAR MARINE 
RADIO BOAT TO BOAT COMMUNICATION OF VHF OR CITIZEN 
BAND AND SMALL RUBBER BOAT OF 12 FEET LONG PLUS 
OUTBOARD FOR PORT TO PORT STOP TRAINING-CANADIAN 
TEAM TRAINED ONE TECHNICIAN AND SEAFDEC CREW IN 
SONIC TRACKING TECHNIQUE.
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